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Summary
The re s e a rc h  desc rib ed  in  t h i s  t h e s i s  was c a r r ie d  out by the  
au th o r  a t  th e  U n iv e rs i ty  of Bath between October 1971 and September 
1974. The t h e s i s  i s  d iv ided  in to  th r e e  p a r t s ,  th e  f i r s t  and f i n a l  
p a r t s  d e sc r ib e  phytochemical s tu d ie s  on two t r e e s  indigenous to  the  
P a c i f i c  a re a .  The rem ainder of th e  t h e s i s  i s  devoted to  s y n th e t ic  
work connected w ith  the  phytochemical s tudy .
B leek e r ia  v i t i e n s i a ,  a t r e e  which grows in F i j i  has p re v io u s ly  
been shown to  be the  b e s t  n a tu r a l  source o f  the  a lk a lo id  
9 -m e th o x y e l l ip t ic in e .  P a r t  I  of t h i s  t h e s i s  confirms t h i s  
o b se rv a tio n  and a lso  d e s c r ib e s  the  i s o l a t i o n  of h o le in in e  and a 
new a lk a lo id ,  b le ek e r in e  in  a d d i t io n  to  s e v e ra l  o th e r  e x t r a c t i v e s .
In  P a r t  I I ,  a t tem p ts  to  s y n th e s i s e 9 ~ n i t r o e l l i p t i c in e  a re  
d is c u s se d .  T his  we hoped would be a convenient in te rm ed ia te  fo r  
th e  p re p a ra t io n  of s e v e ra l  o th e r  d e r iv a t iv e s  which were to  be 
t e s t e d  f o r  a n t ic a n c e r  a c t i v i t y .  Following t h i s  a su cc e ss fu l  
p re p a ra t io n  of 9 - a m in o e l l ip t ic in e  i s  d e sc r ib e d .
The f i n a l  s e c t io n  of t h i s  t h e s i s  d e a ls  w ith  an exam ination 
of the  p la n t  Lophopetalum rigidum (C e la s tra c ea e )  which i t  was 
hoped would co n ta in  m acrolide bases  s im i la r  to  those  r e c e n t ly  
I s o la te d  from s i s t e r  s p e c ie s .
Ill
In s tru m en ta l  Methods
A ll  IR s p e c t r a  were determ ined on a Perkin-E lm er 237 
spec trophotom eter as  n u jo l  m ulls  o r  l iq u id  f i lm s .  UV s p e c t ra  
wore determined on a Perk in-E lm er 402 spectrophotom eter in  955» 
e th a n o l .  E a r ly  'H -n .m .r .  s p e c t r a  were ob ta ined  using  a 
V arian A-60 spec trom ete r  and l a t e r  ones w ith  a J .G .E .L . P .S . 100 
spec trom ete r;  chemical s h i f t s  a re  expressed  in  ppm downfield 
from te t ra m e th y ls i la n e  as  in t e r n a l  s tan d a rd .  Mass s p e c tra  
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The su cc e ss fu l  tre a tm en t o f  cancer in i t s  many forms s t i l l  
remains one of man's most ta x in g  problems, one p o te n t ia l  s o lu t io n ,  
which to  d a te  has had only l im i te d  success ,  i s  the  a p p l ic a t io n  of 
s e l e c t i v e  d ru g s .  At the  p resen t  time many of the  a n t i - c a n c e r  agen ts  
in  c l i n i c a l  use a re  n a tu r a l  p roducts  o r  h e te ro c y c le s  of v a r io u s  
ty p e s ,  bu t l i t t l e  i s  known concerning t h e i r  modes of a c t io n .
9 -M e th o x y e l l ip t ic in e  ( l )  i s  an a lk a lo id ,  f i r s t  i s o la t e d  from
O chrosia  e l l i p t i c a  L ab il^  and subsequently  found in  many s i s t e r  sp ec ie s ,
which shows wide spectrum a c t i v i t y  a g a in s t  mouse neoplasms.
9 -M e th o x y e l l ip t ic in e  f r e q u e n t ly  co-occurs  w ith  e l l i p t i c i n e  (2 ) and
th e  f i r s t  p a r t  o f  t h i s  t h e s i s  d e a ls  w ith  a phytochemical i n v e s t ig a t io n
of a member of the  Ochrosiinae -  B leek e r ia  v i t i e n s i s ^ A.C. Smith -  which 
2
has been shown to  be an abundant source of th e se  and o th e r  a lk a lo id s .
The second p a r t  of t h i s  work d e sc r ib e s  s tu d ie s  d i r e c te d  towards 
th e  e s ta b lish m en t of s t r u c t u r e - a c t i v i t y  r e l a t i o n s h ip s  in 5 * l l -d im e th y l-  
-6H -pyrido [4 ,3 -b ]ca rb a z o le s  ( e l l i p t i c i n e s )  and thus  i t  i s  ap p ro p r ia te  
in  t h i s  in t ro d u c to ry  ch ap te r  to  review b r i e f l y  the  pharmacology of 
th e se  a lk a lo id s  and t h e i r  d e r iv a t iv e s  and to  in d ic a te  c u r re n t  th e o r ie s  
on t h e i r  mode of a c t io n .
In  1968 Svoboda a t  a l^  published  the r e s u l t s  of the  f i r s t
in v e s t ig a t i o n  of 9 -m e th o x y e l l ip t ic in e  as a p o ss ib le  n e o p la s t ic
a g en t .  I t  was shown th a t  th e  a lk a lo id  had s i g n i f i c a n t  e f f e c t  a g a in s t
ten  o f the  seventeen mouse neoplasms te s t e d  and f u r th e r  t h a t  i t  was
a c t iv e  a g a in s t  bo th  the  a s c i t e s  and so l id  forms o f  the Walker 256 r a t
4carcinosarcom a. Le Men e t  ^  have dem onstrated  subsequently  t h a t ,  
a s  the  w ater so lu b le  l a c t a t e ,  9 -m e th o x y e l l ip t ic in e  i n h i b i t s  mouse
2.
L 1210 leukemia which has a s e n s i t i v i t y  c lo se  to  t h a t  of acu te  human 
leukem ias.
These encouraging r e s u l t s  i n i t i a t e d  c l i n i c a l  t r i a l s  o f  9-methoxy-
e l l i p t i c i n e  in Prance and of e l l i p t i c i n e  in  the  United S ta te s  of
5America, and r e c e n t ly  Mathe has shown the  former compound to  have 
s ig n i f i c a n t  a c t i v i t y  a g a in s t  human m y e lo b la s t ic  leukemia.
The mechanism by which e l l i p t i c i n e  i n h i b i t s  the  development of 
leukemia has been s tu d ied  to  some degree and i t  i s  accepted  t h a t  the  
drug i s  i n t e r - c a l a t e d ^  between the  base p a i r s  of the  DNA ( o r  ENA)
7
s p i r a l  producing a change ' in  th e  t o r s io n a l  angle  of the  super c o i le d  
h e l ix .
E l l i p t i c i n e  shares  w ith  o th e r  i n t e r - c a l a t i n g  drugs such a s  the  
a c r id in e s  a  p la n a r  s t r u c tu r e  and DNA -  e l l i p t i c i n e  complexes have
been id e n t i f i e d ^ .  Although the  e f f e c t  i s  n o n -s p e c i f ic  k i l l i n g  c e l l s
I
a t  a l l  s ta g e s  in  t h e i r  growth cy c le ,  c e l l s  a t  m i to s is  a re  more
s e n s i t iv e  than  S and c e l l s ^ .  M aturation  of mouse lymphoma
o
c e l l s  i s  p r im a r i ly  i n h i b i t e d '  by i n t e r - c a l a t i o n  of e l l i p t i c i n e  
to  45 S n u c le o la r  RNA. R e la t iv e ly  few e l l i p t i c i n e  d e r iv a t iv e s  have 
been prepared and t e s t e d ,  and in  the  main, th e se  r e f l e c t  ease  of 
access  r a t h e r  than a s e le c t io n  designed to  e lu c id a te  t r e n d s  in 
b io lo g ic a l  s t r u c tu r e  r e l a t i o n s h i p s .  I t  i s  e v id e n t ,  however, (see  
ta b le  l )  t h a t  only those  s t r u c tu r e s  c o n ta in in g  the  i n t a c t  5 ;I l -d im e th y l-  
-6H -pyrido [4»3b]carbazole n uc leus  a re  l i k e l y  to  show u se fu l  a c t i v i t y .
Dalton e t  a l^ ^  were the  f i r s t  to  embark on th e  s y n th e s is  of 
e l l i p t i c i n e s  f o r  a n t ic a n c e r  sc reen ing  and, using a m o d if ic a t io n  of 
the  Cranwell and Saxton sy n th es is^^  (page 56), à number of d e r iv a t iv e s
were p repared . Of th e se  only 6- m e t h y le l l i p t i c ln e  ( 3 ) showed a c t i v i t y
approaching t h a t  of th e  two n a tu r a l  a lk a lo id s .  Since t h a t  time i t
12has been suggested , however, th a t  t h i s  compound i s  com paratively  
in a c t iv e  a conclusion  which f i r s t l y  emphasises the  requirem ent f o r
s tan d a rd ise d  t e s t i n g  te ch n iq u es ,  such as  those  now ap p lied  in  the
N a tio n a l  Cancer I n s t i t u t e ,  N .I .H . Bethosda U .S.A ., and secondly 
q u es t io n s  e a r ly  pharmacological c laim s in the  a n t ic a n c e r  f i e l d .
12Recent French work in d ic a te s  t h a t  9 -"bydroxye llip tic ine  ( 4 ) 
i s  r a t h e r  more a c t iv e  th an  9 -m e th o x y e l l ip t ic in e  ( l )  a g a in s t  L 1210 
in  mice, bu t a lthough  R astogi e t  a l ^^ have prepared a number of 
6H-pyrido [4 , 3b ]c a rb az o le s  the  r e s u l t s  of the  pharm acological a n a ly s is  
o f  th ese  p roducts  have no t been p ub lished .
I t  i s  apparen t from th e  r e s u l t s  summarized in  t a b le  1 th a t  
a t  p re sen t  i t  i s  n o t p o s s ib le  to  decide i n t u i t i v e l y  the  b e s t  
analogues to  p re p a re .  On th e  o th e r  hand by ana ly s ing  e l e c t r o n i c ,  
s t e r i c  and s o l u b i l i t y  c h a r a c t e r i s t i c s  among e l l i p t i c i n e s  Hantsch^^ 
has in d ic a te d  how a ju d ic io u s  choice of s y n th e t ic  t a r g e t s  can 
be made. These conc lus ions  provide the  s t im ulus  f o r  much of the  
work de sc r ib ed  in  t h i s  t h e s i s  and our a ttem p ts  to  implement the  
sy n th e t ic  c h a llen g es  im p l ic i t  in  the  Hantsch proposals  are  
de sc r ib ed  in  p a r t  I I  which commences w ith  a review o f  past 
s y n th e t ic  endeavour in  the  e l l i p t i c i n e  f i e l d .
The t h i r d  and f i n a l  p a r t  in t h i s  work d e s c r ib e s  a survey of 
th e  p lan t  Lophopetalum rig idum , a member of the  C e la s t ra c e a e , in  
th e  hope t h a t  i t  might c o n ta in  a s t r u c tu r e  s im i la r  to  the  m acrolide
4.
Table I
(2) E l l i p t i c i n e
E l l i p t i c i n e  d e r iv a t iv e P . S. Reference
Free base 125 (188) 12 (14)
T a r t a r i c  s a l t 100 /  12
H ydrochloride s a l t 115 / 12
9-Methoxy ( l ) 107 ( 170) 1? (14)
” ” l a c t a t e 130 12
” ” hyd roch lo ride 107 12
6-Methyl (3) 108 and 100 (134) 12 ( 14)
9-Methyl 104 ( 105) 12 ( 14)
7,10-Dimethyl 100 (112) 12 (14)
11-Desmethyl 100 and 94 ( l? 0 ) 12 (14)
5,11-Desmethyl 89 12
6 -I so p en ty l 100 12
9-Hydroxy ( 4 ) 164 12
9-Amino 120 12
9-Bromo 108 14
9 -N itro in a c t iv e 10
9-Methoxy, 6-methyl 152 14
.  P .S .  (p ro lo n g a t io n  of s u rv iv a l )  -
The re c e n t  study ( r e f .  12) i s  probably a more v a l id  e s t im a t io n .
5.
Table I (continued)
E l l ip t ic in e  d er iv a tiv e
(“ ) l ,3 -D im ethy l-5 ,H -desm ethy l




l* 2 ,3 ,4 -T e t ra h y d ro -
-9-metho%y-2-methyl
1,5-Dim ethyl (o l iv a c in e )
3 , 4 -B ihydro-1 , 5-d im ethyl 
* *
I s o e l l i p t i c i n e
P .S .
109

















** Basic  N a t  p o s i t io n  3 
/  Not re p ro d u c ib le
6.
maytcinsiJie ( 5 ) which i s  found^^ in  r e l a t e d  species#  Maytansine
17i s  one o f  th e  most a c t iv e  a n t ic a n c e r  agen ts  known .




PHYTOCHEMICAL ANALYSIS OF BLEEKERIA VITIMSIS
2
In  1969 an exam ination of the  Apocynaoeous p lan t  B le ek e r ia  
v i t i e n s i s  (Ifarkgraf) A.C. Smith, sub-fam ily  O chrosiinae was 
undertaken  in  t h i s  department in  o rder  to  e v a lu a te  i t  as  a  source 
of th e  p o t e n t i a l l y  v a lu ab le  a lk a lo id  9 -m 8 th o x y e l l ip t ic in e  ( l ) .
This a lk a lo id  was known to  be p re sen t  in  o th e r  members of th e
su b -fam ily . Table I I  summarizes the  a lk a lo id  con ten t of th e  dozen
o r  so sp ec ie s  which have been s tu d ied  to  d a te .
A sy s te m a t ic .s e a rc h  of the  leav es  and l e a f  stems, combined 
bark  and t ru n k  wood and a lso  th e  r o o ts  of B le ek e r ia  v i t i e n s i s  revea led
the  presence of s e v e ra l  compounds (see  F ig .  l ) .  Moreover, the  bark
/
and tru n k  wood was found to  be the  r i c h e s t  n a tu r a l  source of
9 -m e th o x y e l l ip t ic in e  known a t  p re s e n t .  /
C,H3
( 1) R=OMe 9 -m 8 tb o x y e l l ip t ic in e




( 7 ) i s o r e s e r p i l i n e - l j f - in d o x y l
(6 ) i s o r e s e r p i l i n e
HO
»H
(8) u r s o l i c  acid
8.
Table II
A lkalo id  Content of the  O chrosia
Plant and Source
Ochrosia e l l i p t i c a  
L a b i l l ,  F lo r id a  
U.S.A.
O chrosia moorei F.
Muel. A u s t r a l ia  
( th e s e  a re  specimens 
of  0 . e l l i p t i c a  
t r a n s p la n te d  o r ig i n a l ly  
from T rin idad )
O chrosia  coccinea  
(Tejsmann and Binnendijk) 
Miq. (syn . E xcavatia  
coccinea  (Tejsmann 
and Binnendijk)Mgk.
New Guinea
O chrosia  sandwloans i s  
(ADC) A.Gray (sy n . 
B leek e r ia  ca loca rpa )  
Hawaii
P a r t  of 
P la n t
le av e s  and 
l e a f  stems
leav es  and 





ro o t  bark
Ochrosia m a lc u la ta  
J a c q . ( syn . Ochrosia 
borbonica  Gmel. o r 
Gerbera u n d u la ta .
Bark
Reunion I s l a n d .
Ochrosia poweri 
B a iley , Queensland 
A u s t r a l ia .
Leaves 
l e a f  stems 
and tw igs
A lkaloids Reference
B l l i p t i c i n e ( 2 )  9 -  1, l8
m e th o z y -e l l ip t i c in e  
( l ) , i s o r e s e r p i l i n e
( 6 ) , e l l i p t i n i n e
^^20^24^2^2^
I s o r e s e r p i l i n e ( 6) 19
e l l ip ta m in e
( G 2 4 H 3 0 O 5 K 2 )
9 -M e th o x y e ll ip t ic in e  I 8 , 19 ,
( 1 ) ,  r e s e rp in e ,  20
e l l ip ta m in e
(a )  E l l i p t i c i n e  ( 2 ) (a )  21,
( t ,  0 . 04#)
9> m eth o x y e ll ip t ic in e
( 1 )
(b )  10-H unterburn ine- (b) 21
-m ethoch lo ride
( t ,  O.Oli)
10-hydroxydihydro- 
-co ry n an th eo l  metho- 
- c h lo r id e
(c )  H ole in ine  (c )  22
9-Methoxy- 23» 24,
- e l l i p t i c i n e  ( l )  25
( 0 . 015%)
re s e rp in e
(a )  I s o r e s e r p i l i n e  (a )  19
(6 ) ,  0 . 3^ in stems, 
r e s e rp in e ,  powerine,
^^21^26^ 2^4 ^’
Power id ine( C^^H^qN^'^^) >
poweraminctCgjH^gNgO^)
(b) E l l ip tam in e  (b ) l9»26
(c )  Ochropamine (c )  26
(^22^26^2^^)' 
ochrop ine(^23^ 25^ 20^ ) ,  
powerohrin6(C22H2&N20j^
Table I I  (continued)
Plant and Source P a r t  of 
P lan t
A lkaloids Reference
O chrosia o p p o s i t i f o l i a  
(Lamk.) K. Schum. 
Mascarene and 
Seychelle  I s la n d s
Bark
Ochrosia v i e i l l a r d i i  
G u i l l .
New Caledonia
Ochrosia  glom erate  
V aleton ,
New Guinea
Ochrosia s i l v a t i a  
Dan.
New Caledonia
Ochrosia ba lansae  
B a i l l .  ex . G u i l l .  
( sy n . Exc&vatia 
ba lansae  G u i l l . )  
New Caledonia




b a rk .
Leaves 
and bark
(a )  9 -m e th o x y e l l lp t io in e  (a )  2? 
(1)
(b) R e s e rp i l in e ,  (b) 28
i s o r e s e r p i l i n e  ( 6 ) ,
10-me t  hoxyd i hyd r  o c ory-
-n a n th e o l ;
o c h ro l i fu a n in e  A .,
r e s e r p in in e ,
is o re s e rp in in e
ochropposine and
ochropposinine
(a )  E l l i p t i c i n e  (2 )  (a )  29
0.00797&,
i s o r e s e r p i l i n e  (6)
0 .085#
10-methoxyd ihydro - 
corynantheol
(b ) R e s e rp i l in e ,  (b) 30 
d im ethoxyp ic raphy lline  
O chropposinine,
1 ,2 - d ih y d r o e l i i p t i c in e ,
1 , 2 , 3 , 4 - te t r a h y d ro -  
- e l l i p t i o i n e  ;
I s o r e s e r p i l i n e  ( 6 ) ,  I 9
e l l ip ta m in e
E l l i p t i c i n e  (2)
0 . 13# ,
i s o r e s e r p i l i n e  (6 )
0 . 58# ,
ap p a r ic in e  0.012#
31
(a )  32(a )  E l l i p t i c i n e  ( 2 ) ,  
i s o r e s e r p i l i n e  ( 6 ) ,  
a r i c i n e ,  r e s e r p i l i n e
(b )  D im ethoxypicraphylline
^ ^ 3 0 ^ 2 ^ 4 ^  331 ,2-Dinyaro-9-methoxy- 
- e l l i p t i c i n e ,
1 . 2 . 3 . 4 - te t r a h y d ro -  
- e l l i p t i c i n e  and
1 . 2 . 3 . 4 - te t r a h y d ro - 9 -  
-m e th o x y e l l ip t ic in e
10.
Table II  (continued)
Plant and source
O chrosia l i f u a n a  
G u i l l .  New Caledonia
O chrosia  confusa 
Pichon, New 
Caledonia
O chrosia  miana 
H. Bn. ex Gui11^ 
New Caledonia
B leek e r ia  v i t i e n s i s  
( M arkgrâf) A.C.Smith 
syn. O chrosia v i t i e n s i s  
o r  E x cavatia  v i t i e n s i s  
F i j i .







(a )  O chrolifuanine  
(A and lOtCggHggNj)
(b )  D ehydro-3-oohroli-  
- fu a n in e
o c h ro l i fu a n in e  A o r  B -  
-Nh-oxide
( c j  Decarbomethbxy- 
-d ihyd ro -gam bitrann ine
(^i^HigNg)
E l l i p t i c i n e ,
rauvoxine ,
carapanaubine ,
o c h ro l i fu a n in e ,
dehydr0- 0chro1i fu a n in e
and 1O-methoxydihydro
-co ry n an th eo l
Decarbomethoxyd ih yd ro -  
-gam bitrannino
Reference
( a )  34
(b) 35
(c )  36 
37
36
Leaves and 9 -M eth o x y e ll ip t io in e
l e a f  stems, (1 ,  0.003#) t ,  O.C83#,
Trunk and r ,  0.024#)
ro o ts  e l l i p t i c i n e  ( t ,  0 .001#;
r ,  0.005#)
i s o r e s e r p i l i n e  ( l ,  0 .05#; 
t ,  0 .002#; r ,  t r a c e ) .  
I s o re se rp i l in e -1 | /  -  
- in d o x y l(7 )  (1 ,  0 .001#; 
t ,  t r a c e ;  r ,  t r a c e )
♦ 1 « l e a f  and l e a f  stem s,
t  = b a rk  and trunk  wood,
r  = ro o t  and ro o t  ba rk .
11.
To e s t a b l i s h  the  g e n e r a l i t y  of t h i s  high le v e l  o f  9-methoxy- 
e l l i p t i c i n e  in  B .v i t i e n s i s  a f r e s h  sample of t h i s  p lan t  has been 
in v e s t ig a te d .  For t h i s  s tudy , however, the  ba rk  and tru n k  wood 
were examined s e p a ra te ly  so t h a t  the  a lk a lo id  con ten t o f  each 
could be e s t im a te d .
General procedures 
Bark
The f i n e l y  d iv ided  d ry  stem bark  (500g) was e x h au s tiv e ly  
e x t ra c te d  w ith  ho t e th a n o l .  Evaporation  of the  so lv en t  under 
reduced p re ssu re  fu rn ish ed  a brown gum which when chromatographed 
over alumina, e lu t in g  w ith  p e t r o l  ( 6O-8 0 )-ch lo ro fo rm , chloroform
and chloroform-methanol m ix tu res ,  a ffo rded  th re e  m a ^  f r a c t i o n s
/
A, B and 0. ■ i
i
Fracj^i£n_A_^
I t  appeared from th in  la y e r  chromatographic a n a ly s is  t h a t  t h i s  
m a te r ia l  con ta ined  th re e  major components and th e se  were sep a ra ted  
by f u r t h e r  chromatography over alumina.
The f i r s t  f r a c t i o n s  showing only one spot on TLC (Al^O^) were 
combined and evaporated  to  g ive  an o f f -w h ite  s o l id  which was 
c r y s t a l l i z e d  from aqueous m ethanol. P re c is io n  mass spectrom etry  
showed t h i s  m a te r ia l  to  be a m ixture  of th re e  compounds of m olecu lar 
. e i g h t s  414.3844  (Cg-H 0 ) ,  412.3705 (Cg HjgO) and 400.3705 (CggH^gO).
The occurrence c f  n a t u r a l  products  w ith  m olecular formulae of 
t h i s  o rd e r  i s  sugges tive  o f  s t e r o l s  and from sy s tem a tic  t a b l e s  of 
mass sp ec tro m e tr ic  d a ta  we considered  ^ - s i t o s t e r o l  (9 ) ,  
cam pesterol (lO) and s t ig m a s te ro l  ( l l )  to  be the  most l i k e l y
12.
cand ida te s  f o r  th e se  compounds. Our su sp ic io n s  wore confirmed 
when a m ixture  of th e se  th re e  s t e r o l s  gave an id e n t i c a l  mass spectrum 
to  t h a t  of the  e x t r a c t i v e .
HO
(9) R »
(1 0 ) E = CH,
(11 ) R = CgHj,
F u r th e r  chromatography of f r a c t i o n  A f a i l e d  to  provide d i s t i n c t  
components and the  remaining suh f r a c t io n s  were combined, and on 
ev ap o ra tio n ,  th e se  gave a m ixture  of i s o r e s e r p i l i n e  (6) to g e th e r  
w ith  a sm a l le r  p ro p o r t io n  o f  i s o re s e rp i l in e - I j J - in d o x y l  (7)*
Pracjti£n_B^
A th in  la y e r  chromatograph (Al.O^) of t h i s  gummy e x t r a c t  when
^ J  *
viewed under u l t r a v i o l e t  l i g h t  d isp lay ed  a h ig h ly  f lu o re s c e n t  b lu e -  
g reen  s p o t .  Subsequent t r i t u r a t i o n  of t h i s  m a te r ia l  w ith  methanol 
caused c r y s t a l l i z a t i o n  and a ffo rd ed  a yellow s o l id  which r e c r y s t a l l i z e d
13
from e thano l in the  form o f  prism s, m.p, 276-7°, This compound 
had no t been found in  the  prev ious study and in f a c t  I t  was shown 
to  be a new a lk a lo id  to  which the  name "B leekerine"  has been 
g iv en .  Assignment of s t r u c tu r e  (12 , = OMe) was made
from s p e c t r a l  d a ta  (see  page 22) and sy n th e t ic  s tu d ie s .  Thus 
sodium borohydride re d u c tio n  o f b le ek e r in e  provided a compound 
Id e n t i c a l  to  i s o r e s e r p i l i n e  (6) in  a l l  r e s p e c t s .  Furthermore 
when ox id ized  w ith  Pb(OAc)^ i s o r e s e r p i l i n e  gave a  m ixture o f
•30
b le ek e r in e  to g e th e r  w ith  i s o r e s e r p i l in e - y - in d o x y l ( 7 )
( 12)
Crude b le ek e r in e  c o n ta in s  t r a c e s  o f  an o th er  compound 
which, in  th e  mass sp ec tro m e te r ,  g iv e s  r i s e  t o  a m olecu lar ion 
m/e 422,1842  to g e th e r  w ith  ions  due to  methyl c h lo r id e
and hydrogen c h lo r id e .  P o s s ib ly  t h i s  molecule i s  N (a)-M ethyl- 
- b l e e k e r in e ,
The rem aining p o r t io n  of the  f r a c t io n  from which b le e k e r in e  
was ob ta ined  was t r i t u r a t e d  w ith  e th e r  and f i l t e r e d  to  g ive  a ye llow - 
brown s o l id .  T h is  so l id  was la rg e ly  w ater so lu b le  and was suspected
14-
to  be of s im i la r  c o n s t i tu t io n  to  a complex m ixture  of q u a te rn a ry  
s a l t s  which had p rev io u s ly  been obta ined  from the  f i r s t  sample o f  
B le ek e r ia  v i t i e n s i s .  P u r i f i c a t io n  a t tem p ts  in the  former 
in v e s t ig a t i o n  were te rm ina ted  when the r e s e a rc h e r  experienced  
i l l - e f f e c t s ,  and subsequent pharm acological t e s t i n g  showed th e  s a l t s  
to  be CNS a c t i v e .
However, on trea tm en t of an aqueous so lu t io n  of t h i s  crude
m a te r ia l  w ith  p e rc h lo r ic  a c id  a  ta n  coloured p r e c ip i t a t e  was formed.
C r y s t a l l i z a t i o n  from w a te r  then  gave a sm all q u a n t i ty  o f  h o le in in e
p e rc h lo ra te  (13 , X = CIO^) ( t h i s  conclusion  i s  supported by in f r a r e d
22and m e lt in g  p o in t  comparisons w ith  an a u th e n t ic  sample ) .  This 
a lk a lo id  was a lso  ob ta ined  from f r a c t io n  0, bu t t h i s  time a s  mixed 
ch lo r ide /b rom ide  s a l t s .  /
(13)
Frac_tion_Cj^
9 -M e th o x y e ll ip t ic in e  ( l )  which has l im i te d  s o l u b i l i t y  in  most 
s o lv e n ts  c r y s t a l l i z e d  out when t h i s  f r a c t i o n  was p a r t i a l l y  ev ap o ra te d ,  
and r e c r y s t a l l i z a t i o n  from e th y l  a c e ta te  gave s e v e ra l  crops o f  th e  
pure a lk a l o id .  From th e  m o th e r- l iq u o rs  a m ixture  of 9-methoxy- 
e l l i p t i c i n e  and e l l i p t i c i n e  was ob ta in ed .  P a r t i a l  p u r i f i c a t i o n  
o f  t h i s  m ixture  was achieved by c r y s t a l l i z a t i o n  from benzene, g iv in g  
e l l i p t i c i n e  (2) (l3mg) contaminated w ith  9 -m e th o x y e l l ip t ic in e  ( l ) .
15.
In  the  o r ig i n a l  in v e s t ig a t io n  of B . v i t i e n s i s , e l l i p t i c i n e  
was obta ined  f r e e  from 9 -n ie th o x y e l l ip t ic in e  by p re p a ra t iv e  l a y e r  
chromatography and rep ea ted  c r y s t a l l i z a t i o n s ,  th e r e f o r e ,  in  view 
of the  small q u a n t i ty  of m a te r ia l  a v a i l a b le ,  f u r th e r  p u r i f i c a t i o n  
was no t a t tem p ted .
M e th o x y e l l ip t ic in e  was f i r s t  i s o la te d ^  in  1959 but the  c o r re c t
39s t r u c tu r e  remained u n c e r ta in  f o r  s ev e ra l  y e a r s .  Woodward had
proved e l l i p t i c i n e  to  be 9 , l l - d im e th y l -6 H -p y r id o [ 4 ;3 ^ c a r b a z o le  soon
a f t e r  i t  was i s o la t e d  and i t  was c le a r  from the  u l t r a v i o l e t  a b so rp tio n
spectrum of m e th o x y e l l ip t ic in e  t h a t  the  same heteroaromatic
21r in g  system was present*  Jordan  and Scheuer by comparing the
u l t r a v i o l e t  and f lu o rescen ce  s p e c tra  of a sample of the  a lk a lo id
i s o la te d  from Ochrosia sandw icensis  w ith  those  of ^ ' " ^ d  6-methoxy-
18Indo les  suggested i t  was 8 -m e th o x y e l l ip t ic in e .  However, Loder 
l a t e r  po in ted  ou t t h a t  while i t  was reasonab le  to  assume t h a t  the  
methoxy group occurs  in r in g  A of the  p y r id o -ca rb azo le  n u c le u s  , 
th e  p o s i t io n  of the  group could no t be ass igned  w ith  c e r t a i n t y .
18In  1966 Loder reduced m e th o x y e l l ip t ic in e  methiodide to  th e  
te t r a h y d ro  d e r iv a t iv e  ( I 4 ) and from d e ta i l e d  a n a ly s is  of the  n u c le a r  
magnetic resonance spectrum he was ab le  to  deduce the  c o r re c t  
s t r u c tu r e  i . e .  the  methoxy group i s  a l lo c a te d  to  p o s i t io n  -  9*
F in a l  p roof was obta ined  by s y n th e s is  from 9-methoxyindole using  




The rem aining m a te r ia l  o f  F rac t io n  C, now almost f r e e  o f  
9-methoxy e l l i p t i c i n e  was su b jec ted  to  f u r t h e r  chromatography 
(AlgO^). E lu t in g  f i r s t  w ith  in c re a s in g  p ro p o r t io n s  o f  chloroform  
in  p e t ro l  ( 60- 80°) and then  methanol in  ch loroform , fo u r  m ajor 
s u b - f r a c t io n s  (D, E, F and G) were a c q u ire d .
F ra c t io n  D (lOmg) was recognized  from th e  mass spectrum to  
be a crude m ixture  of th e  s t e r o l s  p rev io u s ly  i d e n t i f i e d .
From TLC a n a ly s is  f r a c t i o n s  E and G were observed to  be 
v i r t u a l l y  i d e n t i c a l  each showing b lu e -g reen  and red f lu o r e s c e n t  
sp o ts  under s o f t  u l t r a - v i o l e t  l i g h t  c h a r a c t e r i s t i c  of e l l i p t i c i n e  
and 9 -m e th o x y e l l ip t ic in e  r e s p e c t iv e ly .
T r i t u r a t i o n  of f r a c t i o n  F w ith  p e t r o l  and then  ho t d ic h io ro e th an e  
fu rn ish ed  a yellow s o l id .  An aqueous s o lu t io n  of t h i s  p roduc t,  when 
f i l t e r e d ,  evaporated  and the  re s id u e  c r y s t a l l i z e d  from chloroform  
gave a  c o lo u r le s s  c r y s t a l l i n e  so l id  (75mg), S p e c tra l  d a ta  of t h i s  
compound showed i t  was mixed ch lo ride /b rom ide  of h o le ln in e .
17
(13» X = Cl /B r  ) .  The presence of a m olecu lar ion m/e 44O .23IO 
^^25^ 32^ 2^5  ^ i s  observed in  the  mass spectrum o f h o le in in e  (P ig .  2) 
and i t  i s  s i g n i f i c a n t  t h a t  the  same ion i s  a lso  p resen t in the  mass 
spectrum of a sample of h o le in in e  obtained  from 0. sandw icensis .
I t  i s  p o s s ib le  th a t  the  o r ig in  of t h i s  m olecu lar ion i s  th e ,  as  
y e t  u n rep o r ted ,  a lk a lo id  s a l t  N (a )-m e th y lh o le in in e ,  bu t because of 
the  ex trem ely  low co n ce n tra t io n  in the  p la n t  i t  has no t been 
p o ss ib le  to  confirm t h i s .
Wood
E x t ra c t io n  of the  heartwood of B le ek e r ia  v i t i e n s i s  w ith  e th an o l 
gave a  r e l a t i v e l y  low y ie ld  of product (0 .113g from 500g) 
chrom atographic a n a ly s i s  of which showed i t  to  comprise e l l i p t i c i n e ,  
9 -m e th o x y e l l ip t ic in e  ( l )  i s o r e s e r p i l i n e  (6 )  i s o r e s e r p i l in e - ^ ^ - in d o x y l  ( 7 ) 
and the  s t e r o l s  ^ - s i t o s t e r o l  (9 ) s t ig ra a s te ro l  ( l l )  and cam pésterol ( lO ) .  
These components were p a r t i a l l y  separa ted  by p re p a ra t iv e  la y e r  
chromatography.
The r e s u l t s  of the  above study a re  summarised in t a b le  I I I .
18.
P a r t  of P la n t
Bark
Table I I I
Compound
^ - S i t o s t e r o l
S tig m as te ro l
Campesterol ,
I s o r e s e r p i l i n e
I s o r e s e r p i l i n e -
-"ÿT-indoxyl
B leekerine
H ole in ine  (C l /B r  )
9-Methoxye11i  p t i  cine










Wood ^  - S i t o s t e r o l
S tig m as te ro l
Campesterol
I s o r e s e r p i l i n e
I s o r e s e r p i l i n e -  
-1 ^ - in d o x y l
9 -M e th o x y -e l l ip t ic in e








In  view of the i n t e r e s t i n g  r e s u l t s  of t h i s  in v e s t ig a t i o n  a 
t h i r d  s t u d y o f  B leeke ria  v i t i e n s i s  was commenced in  t h i s  
la b o ra to ry .  The reason  f o r  t h i s  was tw o -fo ld ,  f i r s t l y  to  o b ta in  
s u f f i c i e n t  b le ek e r in e  f o r  p h a rm aco lo g ica l te s t in g  and a lso  to  t r y  
and c h a r a c te r iz e  the  u n id e n t i f i e d  compounds d e te c te d  in  mass 
s p e c t r a l  s tu d ie s  of p rev ious  e x t r a c t s .
U n fo r tu n a te ly ,  n e i t h e r  b le ek e r in e  n o r  compounds corresponding 
to  m olecu lar ions  m/e 422 and m/e 440 were found in  t h i s  sample. 
However, th e  a lk a lo id  carapanaubine ( 15) was i s o l a t e d .




T his  r e s u l t  emphasises the  need fo r  g r e a t  care in th e  c o l le c t io n  
o f  b o ta n ic a l  specimens s in ce  th e re  i s  c e r t a in l y  a seasonal v a r i a t i o n  
in a lk a l o id a l  c o n s t i tu e n t s  w ith in  p la n ts  and probably a ls o  a  change 
from s i t e  to  s i t e  even w ith in  a  small a re a  o f h a b i t a t .  U n fo r tu n a te ly ,  
p re c ise  d e t a i l s  of c o l l e c t io n  d a te s  fo r  our specimens were n o t  
a v a i l a b le  to  u s .
20.
P h y s ica l  Data of E x t r a c t iv e s  
S te ro l s
^ - S i t o s t e r o l  ( 9 ) s t ig m a s te ro l  ( l l )  and cam pesterol ( lO ) ,  as  
p rev io u s ly  mentioned were i s o la te d  from B le ek e r ia  v i t i e n s i s  as  a 
m ixture  and t h e i r  i d e n t i f i c a t i o n  r e s t s  upon mass s p e c t r a l  comparison 
w ith  a u th e n t ic  specimens and from g a s - l iq u id  chromatographic (GLC) 
d a ta .
The mass spectrum (F ig .  3 ) of the  mixed s t e r o l s  i s  complex hut 
an a n a ly s i s  of the  main f e a tu r e s  of th e  spectrum i s  provided in  the 
fo llow ing  scheme:'
M .S .I .
Fragm entation P a t te r n  of y S -S i to s te ro l ,  S tig m as te ro l and Cam pesterol.
HO'
(9) R .  C,H< 414
396(9), 382 (10 )  
i ' C H »  
381 (9), 367(10)
-  OH’
-  c h ;
397(9), 383(10)
4 . 399 (9), 3 8 5(10)
21.







315(9), 3 0 0 (1 0 )
412 (II)
-o h '








c \  + H transfer
231








The e l e c t r o n i c  ab so rp t io n  spectrum (P ig .  4) of b le e k e r in e  
suggested a h ig h ly  conjugated s t r u c tu r e  ( ^" 208 ( 14 , 000) ,
242 ( 14 , 900) ,  276 (9850) ,  336 ( 12 , 150) and 394 ( 5 , 600),nm) w hile  the 
i n f r a  red spectrum (P ig .  5) dem onstrated a s im i l a r i t y  to  iso ­
r e s e r p i l i n e ,  w ith  bands a t  2660, 1695» 1&30 , 1625 and 1215cm^ 
S ig n i f i c a n t l y ,  however, the  band a n t ic ip a te d  fo r  the  N-H group of
the  indo le  u n i t  was absent and an a d d i t io n a l  band a t  1630cm  ^ was
+
observed; t h i s  l a s t  band was a sc r ib ed  to  th e  presence o f  a -C=N 
group.
In  the  mass spectrum (P ig .  6 ) ,  a p a r t  from an M^-15 ion (80^ ) , 
very  l i t t l e  f ragm enta tion  was observed, the  m olecu lar  ion being  
a lso  the  base peak. This f a b t  confirms the  conjugated n a tu re  of the  
molecule and a t  t h i s  po in t we suspected t h a t  a  s t r u c tu r e  analogous 
to  a l s to n in e  (12 , R^=R2=H) might be p re sen t  s in ce  the  mass spectrum 
of t h i s  su b s tan ce ,  k in d ly  donated by P ro fe s s o r  E. Wenkert, was very 
s im i la r  to  t h a t  o f  b le e k e r in e .
The *H n .m .r .  spectrum (P ig .  7) of the  a lk a lo id  i s  summarized 
below and confirm s t h a t  b le e k e r in e  is  1 0 , l l - d im s th o iy a l s to n in c ,  fu r th (  
proof was ob ta ined  by s y n th e t ic  s tu d ie s  ( page 5 ^ «
23.
1-56 p .p .m .,  3H, d (J  = 6Hz ) CH -  CH.
2 .4  -  4 .6  p .p .m .,  6H, m u l t ip l e t  a l i p h a t i c  p ro tons 
3.93  p .p .m .,  3H, S
4 .12  p .p .m .,  6H, S
-  COgCHj and
2 X -OCH.
4 .92  p .p .m .,  IH, 2 X d (J  = 14 . 0 , 7 . 3Hz);
7 .30  p .p .m .,  IH, S
7 .70  p .p .m .,  IH, k),
7*95 p .p .m .,  IH, S, ^
8 .2 0  p .p .m .,  2H, S,
C17 - H
Cc -  H, C, -  H
The s ig n a l  due to  C^i “  H (^ )  i s  superimposed upon th a t  of 
-  H a t  ^ 4 .6  p .p .m .




The e le c t r o n i c  a b so rp tio n  spectrum of 9 -a e th o x y 8 l l ip t ic in e  
(F ig .  8) i s  c h a r a c t e r i s t i c  of the  6H-pyrido[4>3~1>]carbazole sk e le to n  
and e x h ib i t s  the  fo llow ing  maxima:- (&)245 (2 5 ,000 ) , 278 (43>400),
295 ( 51 , 000) ,  307 sh. ( 29 , 600) and 357 (3,400)nm. I n f r a r e d ,  maxima
24.
occur a t  1625, I 605 and 1495 (Ar) and 3,200 (N-H)cnT^. The *H n .m .r ,  
spectrum (DMSO) i s  reproduced in F ig .  9»
2 .75  p .p .m ., 3H, s .
' 5 - 5
3.20  p .p .m ., 3H, 8 , C n - c ^
7.15  p .p .m ., IH, doub le t  of d o u b le ts  (J
7*45 p .p .m ., IH, d . (J  = 9Hz), Cy -  H
7.85  p .p .m .. IH, d. (J  = 2Hz), -  I
7 .8—7 .9  p .p .m ., IH, m. C, -  H 4 -
8 ,2 5  -  8 .45p ,.p .m ., IH, m. C3 -  H
9*55 -  9*75p.p*m., IH, m. Cl -  H_
-  H
The s im p l ic i ty  of th e  mass spectrum (F ig .  lO) of^^m ethoxye 11 ip t i c in e  
r e f l e c t s  th e  s t a b i l i t y  of the  m olecule. The pa ren t^ io n  i s  a lso  the
m olecu lar  ion (m/e 276) and the  fragm enta tion  p a t te rn  stems from
)
the  lo s s  of e x t r a - s k e l e t a l  u n i t s .  The h a l f  mass ion ( m/e I 38) i s  
prominent in  th e  spectrum.





[ c i /  B r J
(13)
25
The u l t r a v i o l e t  spectrum of h o le in in e  i s  almost i d e n t i c a l  
to  t h a t  of i s o r e s e r p i l i n e  hydroch lo ride  and shows the  fo llow ing  
maxima: ( s ) ,  224 ( 60 , 560) ,  298 ( l l , 500) ,  304 ( l l , 3 5 0 )  and
309 ( I 0 , 720)nm.
C h a r a c te r i s t i c  a b so rp tio n s  in  the  in f r a r e d  spectrum (F ig .  l l )  
which have p re v io u s ly  been ass igned  to  the  ^  -a lk o x y  a c r y l i c  e s t e r  
system occur a t  I 695 and 1634cm
The 'H n .m .r .  spectrum i s  reproduced in a  t a b u la r  form below:
1.52  p .p.m .
2 . 70- 2,40  p 
3 . 35- 3 .10  p
3 .50  p .p .m .
3 .85  p .p .m . 
4 .1 -3 .5  P.P 
4 . 6- 4 .3  p.p
7 . 15- 7.05  P
7 .6 0  p .p.m .
3H, d ( J  = 6Hz)
p .m ., 3H, complex, 
p .m ., 3H, complex,
3H, S,
6H, S,
Cg-2H, -  H'
COOCH 
 1




, 8H complex C^-H, C^-2H, Cg^-2H, N-CH^ 
, IH, m u l t ip l e t C1 9 - H
p .m ., IH, broad s i n g l e t ,  C^-H, C^g -  H
IH, S, C i ^ - H
22On p y ro ly s is  h o le in in e  forms i s o r e s e r p i l i n e  , we have observed 
t h a t  t h i s  r e a c t io n  i s  r e p l i c a t e d  in  the  mass spec trom ete r  ( s e e  F ig .  2 ) 
g iv in g  r i s e  to  i s o r e s e r p i l i n e  and the  a p p ro p r ia te  methyl h a l id e .  
Moreover, a Hofmann type e l im in a t io n  a lso  o ccu rs ,  a f fo rd in g  the  
m olecu lar  s p e c ie s  ( I 6 ) o r  i t s  e q u iv a le n t ,  p lus  hydrogen c h lo r id e  
and hydrogen bromide. An in t e r p r e t a t i o n  of the  spectrum i s  shown 
a s  fo llow s:
26.
M.S.  2




M"^  not observed ^\;^[VleX
<-e
(16) 426
* - V "
M e p 2 C " " ' ^ ^ ^
4||
M e0 2 C '^ '  7
Isoreserpiline 412
283 353






Loss of : rOoMe Loss of ester 
CH 2 CH=^ function
CHO
^  3II_
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Me Me
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Bio s y n th e s is  
( i )  The Terpenoid Indole  A lka lo ids
The s e v e ra l  hundreds o f  known a lk a lo id s  in  t h i s  group a re  
now g e n e ra l ly  recognized  to  f a l l  in to  th re e  main c a te g o r ie s :  th e
Carvnanthe- Strychnos type e .g .  a jm a lic in e  ( 17) and akuammicine (iB) 
in  which the  s k e l e t a l  u n i t  ( I 9 ) i s  a p p aren t ,  the  Aspidosperma type 
e .g .  v in d o l in e  (20) c o n ta in in g  th e  u n i t  (21) and the  Ihoga type 










M e O j C - X
( 21)
( 2 0 )
M eO^C \
(22)
( 2 3 )
30.
The in v i t r o  form ation of t e t r a h y d r o - ^ c a r b o l i n e s  ( 24) by a 
Mannich-type condensation  invo lv ing  tryptam ine (25» X = H) and an 
aldehyde has been known^^ f o r  some time and re c e n t  work has shown 
t h a t  tryp tam ine  derived  in  v ivo from tryp tophan  (25» X = CO^H) i s  
an e f f e c t iv e  p re c u rso r  of th e  a lk a lo id
RCH O 1 I
(25) (24),
The non-tryp tam ine  p o r t io n  of these  m olecules may c o n s is t  of 
a ten  or (when th e  carbomethozy carbon atom i s  m issing) a n ine  carbon 
atom u n i t .
In  th e  e a r ly  I 96O’ s Thomas^^ and Wenkert^^ p o s tu la ted  u n i t s
( 19» 21 and 23) to  o r ig in a te  from the  monoterpenoid sk e le to n  ( 26)
in  the  manner in d ic a te d  in  Scheme I .  T h is  h ypo thes is  was
4 6s u b s ta n t ia te d  some y ears  l a t e r  when feed ing  experim ents w ith  
sodium 2 -  [^^C] mevalonate in v a r io u s  p la n t s  produced s p e c i f i c a l l y  
labelled a lk a lo id s  r e p re s e n t in g  each of the  th re e  major ty p e s .
These r e s u l t s  provided good evidence t h a t  the  normal h e a d - to -  
t a i l  jo in in g  of two mevalonate r e s id u e s  w ith  subsequent rearrangem ents  
occurred  as  shown in  Scheme 1 , though a t  which s tage  the  u n i t s  ( 2 l )  
and ( 23) were genera ted  remains u n c e r ta in .











Furthermore th e  cyclopentane moiioterpene a c tu a l ly  involved  ^
in  the  b io s y n th e t ic  ro u te  was id e n t i f i e d  as  loganin* ( 27) and
the  p a r t - s y n th e s i s  rep re se n te d  in  Scheme 2 was proposed.
* The s te reo ch em is try  of logan in  (26) was e s ta b l i s h e d  l a t e r  
by o p t i c a l  c o r r e l a t i o n s ,  n .m .r .  spectroscopy  and x - r a y  a n a ly s i s  












Gl =  Glucose
P in a l  p roof t h a t  logan in  (27) was the  key in te rm ed ia te  was 
ob ta ined  when la b e l le d  lo g an in ,  prepared b io s y n th e t i c a l ly  from 
both  2 -[^^C ]and 4 - I^ ^ C ]g e ra n io l  (2ü) was in co rpo ra ted  by 
Vinca ro sea  to  g ive  s p e c i f i c a l l y  la b e l le d  a lk a lo id s :  a jm a l ic in e ,  ( l ? )  
v in d o l in e  (20) and c a th a ra n th in e  (2 2 ) .^ '* ^ ^
33.
/ \ 49The ifitermediacy o f  seoologaoin  (29) was e s ta b l i s h e d  soon
a f t e r  th e  i s o l a t i o n  of the  te rp e n o id s  fo l iam en th in  (30) and
m e n th ia fo l in  (3l)^^*^^> a t  t h i s  po in t 0“inethyl-{^H]seco logan in
became a v a i l a b le  f o r  feed ing  experim ents . Secologanin (29)




In  1968 the  evidence f o r  what could be c a l l e d  the  f i r s t  phase 
o f te rp en o id  indole  a lk a lo id  b io s y n th e s is  was complete; th u s  
i s o to p io a l ly  l a b e l le d  v in co s id e  ( 32) and iso v in co s id e  (32) were 
I s o la te d  from Vinca ro sea^ ^ ^ '^  p la n ts  which had been 'fed* w ith  
5-^H] lo g a n in .  Vincoside and iso v in co s id e  d i f f e r  only in th e  
s te reo c h e m is t ry  of the  'C^ ' p o s i t io n  and, im p o r tan tly ,  i t  was 
shown t h a t  iso v in c o s id e  was not in co rpo ra ted  in to  any of the  
th re e  types  of a lk a lo id ^ ^ .
* At t h i s  time the  o r i e n t a t i o n  of C^-H was unknown.
34.
S u r p r is in g ly ,  the  C-3 proton in  v in co s id e  has r e c e n t ly  been
id e n t i f ie d ^ ^ * ^ ^  a s  ^ - o r i e n t a t e d  which i s  opposite  to  th a t  o f  an
immediate h io - d e r iv a t iv e  g e is s o s c h iz in e  (3 3 ) .  The e p im e riza t io n
of t h i s  s i t e  undoubtedly does no t involve carbon-hydrogen bond
53f i s s i o n  s in ce  th e  in c o rp o ra t io n  of loganin  C^-hydrogen in to  each 
of the  th re e  a lk a lo id  ty p e s  has been confirm ed.
The fo rego ing  r e s u l t s  prove t h a t  the  main ske le ton  of v in co s id e  
i s  in co rp o ra ted  i n t a c t  in to  the  Corynanthe, Aspidosperma and Iboga 
systems and th e  form ation of the  Corynanthe system from v in co s id e  (32)












Since we have shown t h a t  lead  t e t r a - a c e t a t e  o x id a tio n  of
i
I s o r e s e r p i l i n e ,  a'*Corynanthe ty p e ” a l k a l o i d ,y i e l d s  the  a lk a lo id  
b le ek e r in e  (12, = OMe) th e re  appears  to  be a d i r e c t
c o r r e la t io n  between in  v i t r o  and in v ivo r e a c t io n s  le ad in g  from 
i s o r e s e r p i l i n e  (6) to  b le e k e r in e  carapanaubine ( 15) and 
i s o r e s e r p i l i n e - \ j f - in d o x y l  ( 7 ) (Scheme 4)«
The Aspidosperma and Iboga systems a r i s e  v ia  the  Strychnos 
type  by an i n i t i a l  rearrangem ent of the  indole  moiety
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Bleekerine M eO gO  
(15) Carapanaubine
37
The e l l i p t i c i n e  * Alkaloids**
This unique group of indo le  a lk a lo id s  when f i r s t  recognized  
p resen ted  somewhat o f  a  shock to  those adept in  the  a r t  of 
b io g e n e t ic  s p e c u la t io n  because the  number o f  carbon atoms 
between th e  in d o le - ^  - p o s i t i o n  and the  b a s ic  n i t ro g e n  was n o t  two. 
P r io r  to  t h e i r  d iscovery  a tryptam ine  re s id u e  could be d isce rn ed  
in  a l l  o f  the  known indole  a lk a l o id s .  In  common w ith  o th e r  indo le  
a lk a lo id s  w ith  which they  co -occur, however, the  ' e l l i p t i c i n e  group' 
co n ta in s  the  C^-Corynanthe-Strychnos u n i t  (o u t l in e d  in heavy type 





* E l l i p t i c i n e  (2) o l iv a c in e  (34) and u le in e  (35)
38.
The fundamental problem was o r ig i n a l l y  de f ined  by S o h l i t t l e r
58and Taylor when they asked "a re  these  substances  being d e r ived  
from a C^-element, ammonia and in d o le ,  o r  from tryptam ine followed 
by lo s s  of two carbon atoms"?
Woodward^^ had suggested th e  in te rm ed ia te  ( 36) to  r e l a t e  
u le in e  and e l l i p t i c i n e ,  bu t d id  no t d is c u s s  the  mode of form ation  
o f  t h i s  p re c u rso r .
/
(36)
59An ingen ious  s p e c u la t io n  (Scheme 5) was submitted by B oit 
who suggested hydrated  prephenic  acid  (37) as the  p re g e n i to r  of the  
C ^-un it:  the  in te rm ed ia te  ( 38) which i s  e s s e n t i a l l y  the  same as
Woodward's s t r u c tu r e  ( 36) could then  be formed by re a c t io n  w ith  
ammonia and in d o le .  Ring c lo su re  to  e l l i p t i c i n e  ( 2 ) ,  u le in e  (35) 
and o l iv a c in e  (34) then  fo l lo w s .
In  the  l i g h t  of p re sen t  evidence concerning the  b io g e n es is  
o f  the  te rp en o id  indo le  a lk a lo id s  t h i s  p roposa l i s  almost 
c e r t a in l y  in c o r r e c t  s ince  a te rp en o id  p re c u rso r  seems much more 
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Wenkert^^ on the  o th e r  hand r e j e c t s  indo le  a s 'a n  in te rm e d ia te  
and su g g es ts  t h a t  tryp tam ine  or r a t h e r  tryp tam ine  p re c u rso r  i s  
invo lved . T h is  au tho r  sugges ts  two a l t e r n a t i v e  ro u te s  to  th e  non- 
tryp tam ine p o r t io n .  One, from prephenic ac id  (39)» is  in co rpo ra ted  
in  Scheme 6, o u t l in in g  th e  g en e ra t io n  of u le in e ;  the  form ation  of 
e l l i p t i c i n e  and o l iv a c in e  from the  in te rm ed ia te  ( 40) i s  r e a d i ly  
v i s u a l i z e d .  However, Wenkert a lso  recognized th a t  the  cyclopentane 
monoterpene genspin  ( 41) cou ld , hy o x id a t iv e  c leavage, f u r n i s h  an 
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41.
6 lR ecently  a p o s tu la t io n  which d i r e c t l y  r e l a t e s  the  
e l l i p t i c i n e  a lk a lo id s  w ith  th e  te rpeno id  indo le  a lk a lo id s  has 
been pub lished  (see  Scheme 7 ) .  However, w hile  the  form ation  
of ap p a r ic in e  ( 42 ) i s  supported  by p re lim ina ry  feeding  
experim ents , in c o rp o ra t io n  of stemmadenine (43) in to  u le in e  
was no t observed^^*
Scheme 7
M e0 2 C C H 2OH
-  C H 2 O 
Cyclisation
f  r-OH












The P h y to s te ro ls
The b io s y n th e s is  of s t e r o l s  in  p la n ts  fo llow s a pathway c lo se  
to  th e .fo rm a tio n  of c h o le s te ro l  in animal t i s s u e ^ ^ .  Thus squalene 
( 44 ) i s  de r ived  from mevalonic ac id  (45)^^ by the  same 
s t e r e o s p e c i f i c  enzymatic p rocesses^^  (see  Scheme 8 ) .  Although the 
exac t mechanisms involved a re  s t i l l  in  doubt i t  has been shown th a t  
chain e x te n t io n  occurs  w ith  in v e rs io n  of c o n f ig u ra t io n  and 














( 4 4 )
Whereas l a n o s t e r o l  ( 46 ) i s  an in te rm ed ia te  in the fo rm ation  of 
c h o le s te ro l  by mammals, t h i s  substance i s  no t g e n e ra l ly  found in 
p la n ts  and evidence has accumulated t h a t  i t  i s  not on the  d i r e c t  
ro u te  to  p h y to s te ro ls ^ ^ .
HO'
( 46 )
T race r  s tu d ie s  suggest t h a t  c y c lo a r te n o l  (47)» which 
can be h y p o th e t ic a l ly  formed from the  'ch a in -b o a t-c h a in -b o a t-  









A noteworthy f e a tu re  of t h i s  ro u te ,  which has been s u b s ta n t ia te d  
by feed ing  experim ents^^ , i s  the  form ation of the  cyclopropane r in g  
w ith  hydrogen m ig ra t io n  in the in te rm ed ia te  (4^)* Since t h i s  
mechanism appears  to  c o n t r a d ic t  the  s t e r e o e le o t r o n ic  requ irem en ts  in 
t h a t  both  fu n c t io n s  involved a re  on the  same s id e ,  an in te rm e d ia te  
enzymatic s te p  i s  probably invo lved .
46.
The exac t sequence f o r  the  g e n e ra t io n  o f  p h y to s te ro ls  from 
c y c lo a r te n o l  (47) i s  obscure . Loss of methyl groups may o r  may 
n o t  occur be fo re  s ide  chain a lk y la t io n ^ ^ * ^ ^ ,  a lthough i t  I s  
h e lieved^^  t h a t  the  C^^-Me group i s  removed befo re  the  gem- 
d lm ethyl u n i t s  in  the  b io s y n th e s is  of mammalian c h o le s t e r o l .
Side chain  a lk y la t io n ,  achieved by methyl t r a n s f e r  from
71S-adenosylm ethionine , g iv e s  r i s e  to  a methyl group a t  as
72in  cam pesterol (lO) o r ,  by f u r th e r  a lk y la t io n  to  g ive  an e th y l  
d e r iv a t iv e  as  in  ^  - s i t o s t e r o l  ( 9 ) .  S t ig m as te ro l  ( l l )  a p p a re n t ly  




Experim ental to  P a r t  1
E x t ra c t io n  of th e  Bark
/
The f i n e l y  d iv ided  bark  (500g) was e x h au s t iv e ly  e x t ra c te d  w ith  
e th an o l ( ? l ) .  C oncen tra tion  of the  dark  red  e th a n o l ic  s o lu t io n  under 
reduced p re ssu re  gave a t h ic k  brown gum (2 g ) .  Four major components 
were d is c e rn a b le  on chromatographic a n a ly s i s  (AlgO^, GHCl^) th re e  of 
which were recognized  as  i s o r e s e r p i l i n e  (6 ) ,  e l l i p t i c i n e  (2) and 
9 -m e th o x y e l l ip t ic in e  ( l )  (Rf O.85 , 0 .6  and O.46 r e s p e c t iv e ly )  by 
comparison w ith  a u th e n t ic  samples.
The crude e x t r a c t  was absorbed on AlgO^ ( 8g) and t r a n s f e r r e d  
to  an alumina column ( l5 0 g ) .  E lu t in g  w ith  m ix tu res  of CHGl^ -  p e t ro l  
( 6O-80) ,  chloroform  and f i n a l l y  methanol in  chloroform , th re e  major 
p o r t io n s  were c o l l e c t e d : -  A (^Of> GHGl  ^ in  p e t r o l ) ,
B (75 -  I0af> GHGlj in  p e t r o l )  and G (5 -  100^ MeOK in  GHGl^).
48.
F rac tio n  A
A g re e n ish  s t ic k y  s o l id  was obtained when th e  so lv en t  was 
evaporated and TLC a n a ly s is  showed i t  contained  th ree  p r in c ip a l  
components. F u r th e r  chromatography (30g Al^O^, e lu t in g  w ith  
50^ CHCl^ in  p e t r o l  60-8o°) a f fe c te d  p a r t i a l  s e p a ra t io n .  F ra c t io n s  
1 -  14 ( t o t a l  280ml) gave an o f f  white s o l id  re s id u e  ( 71mg) and on 
t r i t u r a t i o n  w ith  methanol a m ixture ( 36mg) of - s i t o s t e r o l  ( 9 )» 
s t ig m a s te ro l  ( l l )  and cam pesterol (lO) c r y s t a l l i z e d  to g e th e r .
Chromatographic a n a ly s i s  in d ic a te d  th a t  f u r t h e r  p a r t i t i o n i n g  
of the  rem aining f r a c t io n s  was not j u s t i f i e d  and when combined 
and evaporated  th e se  gave a  small q u a n t i ty  o f  i s o r e s e r p i l i n e
contaminated w ith  i s o r e s e r p i l i n e - y - i n d o x y l . These components were
/
i d e n t i f i e d  by mass s p e c t r a l  a n a ly s is  and TLC comparison w ith  
a u th e n t ic  specimens. »
\
F rac t io n  B
On ev ap o ra tio n  of the  so lv en t  from t h i s  f r a c t i o n ,  a d a rk  brown 
s e m i - c r y s ta l l in e  product formed which was e f f e c t i v e l y  p u r i f i e d  by 
t r i t u r a t i o n  w ith  methanol. When f i l t e r e d  and c r y s t a l l i z e d  from 
e thano l (p r ism s) the  new a lk a lo id  b leek e r in e  (12 , = OMe) (45mg)
was ob ta ined  m.p. 276- 7° , +  612 (MeOH), Rf AlgO^CStOH)
0 .46  ( b r ig h t  blue f lu o rescen ce  under UV l i g h t ) .  P re c is io n  M.S. 
408 . 1690, r e q .  408 . I 685 . (Found* C, 67 .8O; H, 6 .0 ;
N, 7 . 10 . Cg^Hg^NgO re q .  C, 67 . 6O; H, 5 .9 ;  N, 6 .9 0# ) .
The f i l t r a t e  was evaporated  to  d ryness  g iv in g  a brown gum. 
S o l i d i f i c a t i o n  was brought about by rep ea ted  t r i t u r a t i o n  w ith  e th e r ,  
f i n a l l y  g iv in g  an o ff -y e l lo w  s o l id .  Treatment of an aqueous so lu t io n  
of t h i s  m a te r ia l  w ith  p e rc h lo r ic  ac id  (5 d rops) fu rn ished  h o le in in e
49,
p e rc h lo ra te  (13 , X = CIO^) (7mg) which c r y s t a l l i s e d  from w a te r  
m.p. 224-6^ ( l i t . ^ ^ ,  228 -  231°).  Comparison by I .E .  and ra.m.p. 
w ith  a sample prepared from an a u th e n t ic  specimen o f h o le in in e  
k in d ly  supp lied  by P ro fe s so r  P . J .  Scheuer, showed th a t  the  two 
specimens were i d e n t i c a l .
The combined e th e r  la y e r s  were evaporated  to  g ive  a  crude 
m ixture  of i s o r e s e r p i l i n e  and s t e r o l s  (57nig). This m a te r ia l  
combined w ith  crude i s o r e s e r p i l i n e  obtained from f r a c t io n  A was 
ap p lied  to  a  p re p a ra t iv e  l a y e r  (0.8mm) AlgO^ p la te  and e lu te d  
re p e a te d ly  w ith  50/50 CHCl^-petrol ( 6 0 -8 0 °) . I s o r e s e r p i l i n e  (50mg) 
and s t e r o l  m ixture  (lOmg) were e x t ra c te d  (CHCl^) from the  bands 
a t  s 0.65  -  0 .75  and O.9O -  1.00 r e s p e c t iv e ly .
F ra c t io n  C
TLC (AlgO^, CHCl^) a n a ly s i s  of t h i s  f r a c t i o n  in d ic a te d  the  
presence of s ev e ra l  components, the  most prominent having R^ 
v a lu e s  a t :  O .9O ( v i s i b l e  only a f t e r  development w ith  io d in e ) ,
0.58  (b lue  f lu o rescen ce  under U.V.)and u .46  ( red  f lu o rescen ce  
under UV).
On p a r t i a l  evaporation  a yellow s o l id  was d e p o s i ted ,  t h e r e a f t e r  
the  m ixture was allowed to  s tand  overn igh t be fo re  f i l t e r i n g  o f f  
r e l a t i v e l y  pure 9 -m e th o x y e l l ip t ic in e  ( l ) .  R e c r y s t a l l i z a t i o n  from 
e th y l  a c e ta te  a ffo rd ed  f in e  yellow n e ed le s ,  m.p. 280- 2 : ( l i t ^  280- 5° ) .  
R^ 0.72  (AlgO^, 5# MeOH in  chloroform , red f lu o rescen ce  in  UV light)*, 
a f u r th e r  crop of 9 -m e th o x y e l l ip t ic in e  c r y s t a l l i z e d  ( t o t a l  791mg). 
F in a l ly  complete ev apo ra tion  of the  f i l t r a t e  gave a s l i g h t  d e p o s i t  
shown by mass spectroscopy  and TLC (AlgO^, CHCl^, R^’ s O .6O and O.46 , 
blue and red  f lu o rescen ce  under UV l i g h t  r e s p e c t iv e ly )  to  be a
50.
m ixture  of e l l i p t i c i n e  and 9 -m e th o x y e l l ip t ic in e .  The re s id u e  was 
e x t ra c te d  w ith  hot benzene f i l t e r e d  and p a r t i a l l y  evaporated to  
cause c r y s t a l l i z a t i o n  o f  e l l i p t i c i n e  (l3m g), a lthough  s t i l l  
contaminated w ith  some 9 - m e th o x y e l l ip t ic in e .
The remaining p o r t io n  of f r a c t io n  0 was rechromatographed over 
AlgO^ (30g ) . Development was commenced w ith  50/50 CHCl^ in  p e t 'o l  
changing to  chloroform and then 5, 10, 20 and 100# MeOH in CHCl^ 
m ix tu re s .  M onitoring by TLC, fo u r  crude f r a c t i o n s  were c o l le c te d :
D, B, P and G.
F ra c t io n  D
Removal of the  so lven t in vacuo rendered an almost c o lo u r le s s  
s o l id  (9mg). Comparison by TLC and mass spectroscopy re v ea led  
i t  was the  s t e r o l  m ixture p rev io u s ly  i s o l a t e d .
F ra c t io n s  B and G )
These f r a c t i o n s  appeared by TLC (AlgO^, CHCl^) to  have s im i la r  
c o n s t i t u t i o n .  Therefore  bo th  were combined ( t o t a l  lOTmg) and 
t r i t u r a t e d  re p e a te d ly  w ith  e th y l  a c e ta te ,  e v en tu a l ly  y ie ld in g  almost 
pure 9-methoxye11ip t i c in e  (33mg). ( o v e r a l l  y ie ld  824mg, O .I65# ) .
F rac t io n  F
An amorphous tan  coloured s o l id  (300mg) remained on removal 
o f  the  s o lv e n t .  P re l im in ary  s o l u b i l i t y  in v e s t ig a t io n  e s ta b l i s h e d  i t  
was in  th e  main, very so lu b le  in  a lcoho l and w a te r .  C r y s t a l l i z a t io n  
a t tem p ts  w ith  e th y l  a c e t a t e ,  CHCl^, ace to n e ,  methanol and w ater 
m ix tu res  f a i l e d .  A su sp ic io n  t h a t  t h i s  m a te r ia l  contained  q u a te rn a ry  
s a l t s  was g iven  substance when a s i l v e r  n i t r a t e  t e s t  was p o s i t iv e .
51.
However, washings w ith  hot p e t ro l  (60-80°) followed by hot 
d io h lo ro e th an e  were su cc e ss fu l  in  e f f e c t in g  conside rab le  
p u r i f i c a t io n  and t h i s  tre a tm en t e v en tu a lly  provided a c r i s p  yellow 
s o l id  ( l2 7 n g ) .
An aqueous s o lu t io n  of t h i s  product was prepared and f i l t e r e d .
On evapora tion  and c r y s t a l l i z a t i o n  of the  re s id u e  from CHCl^ 
h o le in in e  (C l /B r  m ix ture) was obta ined  as  a c o lo u r le s s  s o l id  
(75mg) (g iv in g  a t o t a l  y ie ld  of 80mg, 0 .0 1 6 # ).
Ex t r a c t i o n  of the  Wood.
The d r ie d  pu lverized  wood (500g) was sub jec ted  to  con tinuous  
e x t r a c t i o n  w ith  e th an o l (5 l )  by the  Soxhlet tech n iq u e . A f te r
f i l t e r i n g  o f f  the  woody m a te r ia l  and evapora ting  in vacuo a da rk
/
brown re s in o u s  product remained (0 .1 1 3 g ) .  /
A 20cm. p re p a ra t iv e  la y e r  (0.8mra th ic k )  AlgO^ p la te  was prepared 
and a s o lu t io n  of the  wood e x t r a c t  in CHCl^ ap p lied  evenly  to  one 
edge. On rep ea ted  e lu t io n  w ith  1# MeOH in  CHCl^ a red f lu o r e s c e n t  
band formed. Recovery of the  o rgan ic  u a t t e r  was achieved by 
continuous e x t r a c t io n  w ith  chloroform y ie ld in g  crude 9 -m e th o x y e l l ip t ic in e  
which c r y s t a l l i z e d  from e th y l  a c e ta te  as yellow need les  (30mg, 0.006#)
.p .  276-80 ( l i t ^  280- 285) .  R^ 0 .7  (AlgO , 6# MeOH in CHCl^).m
S im ila r ly ,  continuous e x t r a c t io n  (CHCl^) of the  band a t  the  
so lv en t  f r o n t  (d e te c te d  by t r e a t i n g  a p i l o t  p la te  w ith  50# HgSO^ and 
baking) gave a white s o l id  (5mg). Mass spec: m/e 414*3844 (^29^ 50^^*
412.3705 (C^^H^gO) and 400*3705 (CggH^gO) corresponding to  yG - s i t o s t e r o l , 
s t ig m a s te ro l  and cam pesterol r e s p e c t iv e ly .  G.L.O.: 2 .5# OVI on 
chromasorb W, AW-DMCS 200°, R f’ s (w ith  re s p e c t  to  y3 - s i t o s t e r o l )
1 .0 ,  0 . 87 , 0 . 74 . These v a lu e s  a re  c lo se ly  s im i la r  to  those  rep o r te d
52.
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by Rowe and assignm ents were confirmed by re fe re n ce  to  a u th e n t ic  
samples.
The rem aining edsorban t was scraped from the p la te  and on 
continuous e x t r a c t io n  (CHCl^) gave a brown gum (21mg). Comparison 
by TLC (AlgO^, CHCl^) and mass s p e c tra  showed the  compounds: 
e l l i p t i c i n e , i s o r e s e r p i l i n e  and i s o r e s e r p i l i n e - y - i n d o x y l  to  be 
p re s e n t .
Reduction of B leekerine  w ith  NaBH.------------------------------------------------------------ 4
B leekerine  (lOmg) in  MeOH was t r e a t e d  w ith  NaBH. (20rag) and the
4
re a c t io n  m ixture  was heated under r e f lu x  u n t i l  no f u r th e r  change was
observed in the  UV spectrum. Removal of the  so lven t gave a so l id
re s id u e  which was t r e a te d  w ith  H^ G (5ml) and e x tra c te d  w ith  CHC1_.
d /  j
E vapora tion  of the  dry so lv en t  phase y ie ld ed  a gum which was p u r i f ie d  
by p rep a ra t iv e .  TLC (AI^O^) e lu t in g  with 50# CHCl^-petrol. Removal of 
a band R^ 0 ,6 - 0 .8 ,  followed by e x t r a c t io n  w ith  CHCl^ and rep ea ted  
chromatography a ffo rded  i s o r e s e r p i l i n e  ( l .8 m g ) ,  i d e n t i c a l  w ith  an 
a u th e n t ic  specimen (TLC, IR, MS).
Oxidation of I s o r e s e r p i l i n e  w ith  Pb(OAc)^
A s o lu t io n  of i s o r e s e r p i l i n e  ( 20mg) in  HOAc (2 ml) m ain ta ined  a t
60° was t r e a t e d  dropwise w ith  Pb(OAc)^ ( 30mg) in HOAc (lO m l). The
a d d i t io n  was stopped when the UV spectrum of the  product no lo n g e r
showed the  presence of the  indole  chromophore. Removal of HOAc under
reduced p ressu re  gave a dark  red o i l ,  t h i s  was d is so lv e d  in CHgClg and
shaken w ith  2 N Na^CO^ s o lu t io n .  The d r ie d  so lv en t  l a y e r  was reduced
in  volume and ap p lied  to  p re p a ra t iv e  TLC p la te s  coated w ith  Al^O^*
The p la te s  were developed w ith  CHCl^-MeOH ( l : l )  and viewed in  UV l i g h t .3
53.
A band 0 .6 - 0 .85 was removed from the  p la t e s  and worked up to
y ie ld  a m ixture  of i s o r e s e r p i l i n e  and i s o r e s e r p i l i n e  indoxyl,
whereas a band a t  R^ 0 .5 -0 .3 5  showing b r ig h t  blue f lo u rescen ce  
was e x tra c te d  to  give a sem i-so l id  p roduc t.  This  was rechromatographed, 
a f fo rd in g  0.8mg of pure m a te r ia l  i d e n t i c a l  (MS, GLC and m.m.p.) w ith 







In  the  second p a r t  of t h i s  t h e s i s  s y n th e t ic  work c a r r ie d  out by
15
the  au tho r  to  implement some of the  Hantsch p roposa ls  i s  d iscu ssed .  
P r io r  to t h i s  i t  i s  a p p ro p r ia te  to  review p re sen t  methods a v a i l a b le  
f o r  the  p re p a ra t io n  of e l l i p t i c i n e  d e r iv a t iv e s
SYNTHETIC ROUTES TO ELLIPTICINE DERIVATIVES 
A rem arkable s y n th e s is  (Route l )  of e l l i p t i c i n e ^ ^  followed 
c lo s e ly  upon the  d iscovery  of t h i s  a lk a lo id  and served to  confirm 
the  o r ig i n a l  s t r u c t u r a l  assignm ent. In  t h i s  work the  in te rm e d ia te  
( 49) was formed by r e a c t io n  of indo le  w ith  3- a c e ty lp y r id in e ;  red u c t iv e  
a c y la t io n  of t h i s  m a te r ia l  w ith  z inc  and a c e t ic  anhydride then  a ffo rded  
the  compound ( 50) .  C y c l is a t io n  of t h i s  to  e l l i p t i c i n e  was achieved 
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55.
I n t e r e s t i n g l y ,  the  re d u c t iv e  a c é ty la t io n  of p y r id in e s  r e q u i r e s  the  
p r io r  form ation  of a dimer, in t h i s  case ( 51) ,  which then  d is p ro p o r t io n -  
a t e s  in to  s t a r t i n g  m a te r ia l  and a l , 4 - d i a c e t y l - l ,4 - d ih y d r o p y r id in e ;  the  









Normally, because of the  p a r t i c ip a t io n  of the  dimer, t h i s  r e a c t io n  i s  
very  s e n s i t iv e  to  s t e r i o  f a c t o r s  and f re q u e n t ly  f a i l s  w ith  s u b s t i tu te d  
p y r id in e s  (se e  page 7 0 ) .  The form ation  of the  h ig h ly  h indered  dimer 
( 51) I s  th u s  very  unusual and s i g n i f i c a n t l y  th e  y ie ld s  of the  
in te rm e d ia te s  in the  sy n th e s is  were not quo ted . C le a r ly ,  t h i s  approach 
has no p r a c t i c a l  a p p l i c a t io n .
A more conven tional sy n th e s is  (Route 2) was adopted by Cranwell 
and Saxton^^: condensation of indo le  w ith  hexan-2 ,5-d ione  gave an
optimized 36^ y ie ld  of 1 ,4 -d im eth y lca rb azo le  (52) which was then 
converted in to  the  3-formyl d e r iv a t iv e  (53)» contaminated w ith  some 
of the  3»6-d ifo rm yl-p roduo t.
Although the S c h i f f ' s base (54) was prepared from (53) in  good 
y i e ld ,  a t te m p ts  to  r in g  c lo se  t h i s  compound f a i l e d  and i t  was 
n ecessa ry  to  proceed v ia  the  d ih y d ro -d e r iv a t iv e  (5 5 ) .  This 







E LLIPTIC IN E
Following on from the  development two o th e r  syn theses  were 
r e p o r te d ,  n e i th e r  has p r a c t i c a l  u t i l i t y .  In  the  f i r s t ^ ^  the  
t e t r a - c y c l i c  system of e l l i p t i c i n e  was co n s tru c ted  hy the  
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,75The second adopted the  unusual approach of c o n s t ru c t in g  the  
a lk a lo id  r i g h t  to  l e f t  ( see  ro u te  4)* U nfo rtu n a te ly  the  promise of 
model r e a c t io n s  was u n f u l f i l l e d  in  the  a c tu a l  sy n th e s is  and y i e l d s  
were poor.
Route 4
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At t h i s  po in t Dalton and h i s  co~workers^^ re a l iz e d  th e  p o te n t i a l  
of Cranwell and S ax to n 's  o r ig in a l  sy n th e s is  by using 100^ phosphoric 
ac id  to  c y c l i s e  the  in te rm ed ia te  (54) d i r e c t l y  to  e l l i p t i c i n e ,  thus  
o b v ia t in g  the  two f i n a l  s te p s  of the  o r ig i n a l  scheme.
During t h i s  study i t  was found th a t  e le c t ro n  donating  groups 
in  0-6 p o s i t io n  of d e r iv a t iv e s  o f  (54) a s s i s t e d  r in g - c lo s u r e ,  
whereas e le c t ro n  withdrawing fu n c t io n s  had the  opposite  e f f e c t .  
However, e le c t ro n  donating  groups in  the  non-m ethylated benzenoid 
r in g  of c a rb azo le s  (type  52) p resen ted  ano ther  problem s in ce  on 
fo rm yla tion  th e se  gave, in  a d d i t io n  to  the  re q u ired  6-formyl 
d e r iv a t iv e  ( ty p e  53)» ca rb az o le s  co n ta in ing  the  formyl group in  the
same r in g  as  th e  e le c t ro n  donating  s u b s t i t u e n t .  N e v e r th e le ss
/
accep tin g  th ese  l im i t a t i o n s  a number of ^ - s u b s t i tu t e d  e l l i p t i c i n e s
/
were prepared f o r  b io lo g ic a l  t e s t i n g .  A v a r i a t i o n  of t h i s  sy n th e s is
76has been p a ten ted  by a Swiss group , here c y c l i s a t io n  of the 
2 - s u b s t i tu t e d  carbazo le  ( 58) w ith  phosphorus oxychloride fu rn ish ed  
3 ,4 - d ih y d r o e l l i p t i c in e  which was then dehydrogenated to  e l l i p t i c i n e .
HCHO
Me
( 5 8 )
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77P o t e n t i a l l y  the  most rewarding and v e r s a t i l e  sy n th e s is  
of e l l i p t i c i n e  re s u l te d  from prev ious work in  t h i s  la b o ra to ry .  
Here the  4 -a c e ty lp y r id in e  (5 9 ) ,  prepared from 3-( l-m ethoxyethy l)-  
py rid in e  (6o) by red u c t iv e  a c é ty la t io n  and subsequent 
a ro m a tiza t io n  was condensed w ith  1 ,3 -d ia c e ty l in d o x y l  ( 6 l )  to  
g ive  a m ixture  of the  geom etric  isomers (62) and ( 63) in 75/  ^
y i e l d .  Reduction and dehydra tion  of the  isomers then gave th e  
indo le  ( 64) ,  again  in e x c e l le n t  y i e ld ,  and t h i s  when heated w ith  
aqueous hydrobromic ac id  a ffo rd ed  e l l i p t i c i n e .  See Route 5»
Apart from a much improved y ie ld  (31/^ o v e ra l l )  t h i s  
ro u te  su f fe re d  none of the  l i m i t a t i o n s  of D a l to n 's  sy n th e s is  
and consequently  has been the b a s i s  f o r  much of th e  work 
d esc r ib ed  in  t h i s  s ec t io n  of the  t h e s i s .  j /
rjQ '
More r e c e n t ly  Le G offic  and h i s  c o l le ag u es  have pioneered
y e t  ano ther  e l l i p t i c i n e  p re p a ra t io n ,  in t h i s  s ix  s tage  p rocess
(Route 6) e l l i p t i c i n e  was co n s tru c ted  from indole by an i n i t i a l
Baeijef r e a c t io n .  On the face  of i t  numerous e l l i p t i c i n e
should be e a s i ly  formed by t h i s  s y n th e s is ,  bu t in  our experience
many s u b s t i t u t e d  e l l i p t i c i n e s  a re  the rm ally  u n s tab le  and the
n e c e s s i ty  of the  u l t im a te  dehydrogenation s te p  in G o f f i c 's
70
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Merely by t r i a l  and e r r o r ,  an a ttem pt to  improve the  b io lo g ic a l  
a c t i v i t y  of a molecule such as  e l l i p t i c i n e  in  which th e re  a re  
s e v e ra l  s i t e s  where s u b s t i t u t i o n  may occur r e q u i r e s  the
15p re p a ra t io n  of a very  la rg e  number o f  d e r iv a t iv e s .  Hantsch , 
however, has in d ic a te d  how a c a r e fu l  choice of s u b s t i t u e n t s  may 
achieve a more d i r e c t  approach to  t h i s  g o a l .
Thus by co n sid e rin g  th re e  main param eters: hydrophobic, 
e l e c t r o n i c  and s t e r i c  changes a ju d ic io u s  choice of those  s u b s t i t u e n t s  
most l i k e l y  to  in d ic a te  t r e n d s  in  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h ip s  
can be made.
An assessm ent of the  way in which the  molecule i s  d i s t r i b u t e d  
in  the  b io lo g ic a l  system i s  achieved by co n sid e r in g  the  p a r t i t i o n  
c o e f f i c i e n t  (p) of the  compound between o c tano l and^whter. This 
n o n -s p e c i f ic  hydrophobic f a c t o r ,  as Hantsch c a l l s  i s  an a d d i t iv e  
p ro p e rty  of the  fu n c t io n a l  u n i t s  from which the  complex molecule i s  
d e r iv ed  and thus  f o r  5 > ll '*c lesm e thy le ll ip tic ine  log P i s  c a lc u la te d  
a s  fo l lo w s :
r r  C^ H^NH log P ( iso q u in o l in e )  = 1.37 + 2.08 = 3.45
where TtC^H^NH log P(C^H^)2NH -  log PC^H^
This approxim ation c o r r e l a t e s  well w ith  the  ex p er im en ta lly  
de r ived  value of 3 .56 .
In  g e n e ra l  most u se fu l  drugs have a va lue  of log P in th e  
range 0 -6 ,  t h i s  f a c to r  alone l i m i t s  the  use in  d e r iv a t iv e s  of 
many p o te n t i a l  s u b s t i t u e n t s  and in  the  case o f  e l l i p t i c i n e s  some 
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0 .00 - 0 .1 0
0.57 0 .46
0.72 0 .60
0 .36 0 .28
—0.24 - 0 .03
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0 .00 0.21
- 0.37 0 .12
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0.00 /  0 .00
0 .06 0,34
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The v a lu e s  and O ’ (^ e ta )  the  Hammett c o n s ta n ts
used to  a s s e s s  the  e l e c t r o n ic  e f f e c t s
or log  ( ^ )  
%
65.
Where i s  the  d i s s o c i a t i o n  co n stan t of a s u b s t i t u te d  benzoic 
ac id  and Kjj the  d i s s o c ia t io n  co n stan t of benzoic  ac id  i t s e l f .
Two ty p es  o f s i t u a t i o n s  a r i s e  when a t tem p tin g  to  modify a 
d rug . F i r s t  th e re  i s  the  case where the  p re p a ra t io n  of a s e t  of 
d e r iv a t iv e s  r e q u i r e s  l e s s  time than  the  e v a lu a t io n  of t h e i r  a c t i v i t y .  
In  t h i s  case a number of d e r iv a t iv e s  are  made where the s u b s t i t u e n t s  
a re  chosen so t h a t  changes in  hydrophobic and e le c t r o n i c  e f f e c t s  are  
w e ll  d e l in e a te d .  Since the  sy n th e t ic  problem i s  not g re a t  t h i s  
course of a c t io n  i s  re p ea ted  u n t i l  the  requ irem ents  f o r  a c t i v i t y  are  
c l e a r ly  r e v e a le d .
On the  o th e r  hand when the  time spent f o r  p re p a ra t io n  i s  longer 
than  the  t e s t i n g  time d e r iv a t iv e s  should be chosen such th a t  the  
maximum amount of in fo rm ation  i s  ga thered  from each d e r iv a t iv e .
I d e a l ly  s u b s t i t u e n t s  of widely d i f f e r in g  p r o p e r t i e s  a re  s e le c te d
I
f i r s t  to  g ive  the  range, then  in  a l im i te d  number of moves the  
a c t i v i t y  i s  op tim ised . A d e ta i l e d  d iscu ss io n  of t h i s  approach
15i s  given uy Hantsch .
I n i t i a l l y  we considered  the  former to  be more a p p ro p r ia te  to  
the  e l l i p t i c i n e  case and we th e re fo re  d i r e c te d  our e f f o r t s  towards 
p reparing  9 - n i t r o e l l i p t i c i n e  which could, by s t r a i g h t  forward 
p ro cesses ,  be converted to  sev e ra l  o th e r  d e r iv a t i v e s .  U nfo rtu n a te ly  
th e  s y n th e s is  of 9 - n i t r o - e l l i p t i c i n e  could not be achieved and we 
were fo rced  to  tu rn  our a t t e n t i o n  to  p rep a rin g  9 -& Q in o e ll ip t ic in e  
in s te a d .  The problems a t te n d in g  t h i s  work w i l l  now be d e sc r ib e d .
66,
D iscussion  to  P a r t  I I
As mentioned in  the  in t ro d u c to ry  s e c t io n  we hoped to  r e a l i z e  
the  o b je c t iv e s  of the  Hantsch hyp o th es is  by p reparing  a number 
of e l l i p t i c i n e  d e r iv a t iv e s  v ia  a  new ro u te  p ioneered in  t h i s  
la b o ra to ry  and observ ing  changes in  s t r u c t u r e / a c t i v i t y  r e l a t i o n s h i p s .
In  view of th e  d i f f i c u l t i e s  a t te n d a n t  upon the  sy n th e s is  of 
in d iv id u a l  m olecules  the  most s a t i s f a c to r y  approach would seem to  
be the  p re p a ra t io n  of a s in g le  d e r iv a t iv e  which could then  be 
converted  in to  o th e r  re q u ire d  s t r u c tu r e s  by r e l a t i v e l y  simple 
p rocedures .
Thus a n i t r e  s u b s t i t u t e d  e l l i p t i c i n e  seemed b e s t  su i te d  to  
t h i s  purpose s ince  the  n i t r o  fu n c t io n  may be c o n v e r te d ,r e a d i ly
in to  many o th e r  fu n c t io n s .  Prev ious work in t h i s  la b o ra to ry
/
had shown th a t  d i r e c t  n i t r a t i o n  of e l l i p t i c i n e s  g iv e s  only complex
)
m ix tu res ,  th e r e f o r e  our i n i t i a l  i n v e s t ig a t io n s  concerned the  
p re p a ra t io n  of m o n o - n i t r o e l l ip t i c in e s  from the  co rrespond ing ly  
s u b s t i t u t e d  1,3  d ia c e ty l in d o x y ls  ( 65) .
OoN
COCHq
JD C O C H g
67.
The p re p a ra t io n  of m o n o -n i t ro - l ,3 -d ia o e ty l ln d o z y l
1 ,3 -D iace ty lin d o x y l may be obta ined  from a n t h r a n i l i c  ac id  
in th re e  s ta g e s^ ^ .  This sy n th e s is  has g e n e r a l ' a p p l i c a b i l i t y  
and thus  benzenoid s u b s t i t u te d  indoxyls  a re  e a s i l y  prepared 
p rov id ing , of cou rse , t h a t  the  n ecessa ry  p re c u rso rs  are  a v a i l a b l e .
81
Although our main o b je c t iv e  was the  s y n th e s is  of 
9 - n i t r o e l l i p t i c i n e ,  a l l  fo u r  m o n o -n i t ro a n th ra n i l ic  ac id  
d e r iv a t iv e s  may e a s i ly  be ob ta ined  from p h th a l ic  anhydride ' 
(see  Route 7) and th u s ,  p o t e n t i a l l y ,  th e re  i s  access  to  a wide 
v a r i e ty  of e l l i p t i c i n e s .
Route 7
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4 -N itro  der. 5 -  N itro der.
U n fortuna te ly  d e sp i te  rep ea ted  e f f o r t s  we were unable to  
condense the  3 -n l t ro - is o m e r  w ith  o h lo ro a o e t ic  a c id .  This  la c k  of 
r e a c t i v i t y  of the  amino group i s  not s u rp r i s in g ,  being probably 
due to  a  combination of th e  s t e r i c  re p u ls io n  and e le c t ro n  
withdrawing e f f e c t s  of the  a d jacen t  n i t r o  group. S im ila r  problems 
were encountered w ith  the  6-n i t ro i s o m e r .
The s y n th e s is  of 2 -ca rb o zy -5 -n i t ro -p h en y l  g lyc ine  ( 66) i s
82s t r a i g h t  forward but the  4- n i t r o  analogue ( 67) may no t be so 
prepared (see  f o r  example r e f .  83 ) ,  and i t  i s  necessary  to  r e a c t
O j





( 6 6 )
(67)
The Hantsch p roposa ls  d ea l s p e c i f i c a l l y  w ith  9” s u b s t i tu te d  
e l l i p t i c i n e s  so th a t  i n i t i a l l y  our e f f o r t s  cen tred  around the 
p roduction  of 9 - n i t r o e l l i p t i c i n e ,  With 2 -carboxy-4~nitrophenyl 
g ly c in e  ( 67) in  hand i t  was com paratively  simple to  convert t h i s  
in to  l ,3 - d i a c e t y l - 5 - n i t r o in d o x y l  ( 69) by r e a c t io n  w ith  a c e t i c  
anhydride and sodium a c e t a t e .  Thus one h a l f  of the  re q u ired  
e l l i p t i c i n e  was a v a i l a b le  and i t  now remained to  prepare 4 -ace ty l-  
-3 - ( l -m e th o x y )e th y l  py rid ine  w ith  which to  implement the  f i n a l  






P re p a ra t io n  of the  p y rid ine  component
77Prev ious  s tu d ie s  in t h i s  la b o ra to ry  have shown th a t  i t  i s  
p o s s ib le  to  convert 3( l-m eth o x y )e th y l  p y r id in e  ( 60) in to  the
1 ,4 -d ia c e ty 1 ,1 ,4 -d ih y d ro  d e r iv a t iv e  ( 70) by the  so c a l l e d  Wibaut-Arens 
re d u c t iv e  a c é ty la t io n  techn ique  w ith  a c e t i c  anhydride and z in c .  
U nfo rtu n a te ly  t h i s  r e a c t io n  proceeds v ia  a d im eric  sp ec ie s  which 
th en  d i s p ro p o r t io n a te s  in to  ( 70) and s t a r t i n g  m a te r i a l .  At b es t  
th e re fo re  the  y ie ld  of ( 70 ) may only be 50^ and a f u r t h e r  c o n s t r a in t  
i s  t h a t  the  r e a c t io n  i s  s e n s i t i v e  to  th e  s iz e  of s u b s t i t u e n t s  
a t ta ch e d  to  the  py rid in e  r i n g .  D espite  the f a c t  t h a t  s t a r t i n g  
m a te r ia l  i s  reg en e ra ted  i t  i s  no t easy to  s ep a ra te  t h i s  from the  
d ih y d ro p y f id in e  which o f te n  o x id iz e s  p a r t i a l l y  to  the  corresponding  
py rid in e  (59)*
The s t e r i c  e f f e c t  of th e  3 -B u b s ti tu en t  i s  q u i te  marked f o r  
a lthough  3 -e th y lp y r id in e  g iv e s  ( 7I ,  R«Et) in  44^ y ie ld  we were 
unable to  b e t t e r  a y ie ld  of 345^  f o r  the  m ethoxy-deriva tive  ( 70) ,  
while  ( 71 , R=CH(OAc)CH^) and ( 7I ,  R^ClOCHgCHgOÏC^^ were no t formed 
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(71)
During the  sev e ra l  runs  necessa ry  to  accumulate a s u f f i c i e n t  
s tock  of l , 4- d ih y d r o l ,4- a o e ty l  py rid ine  ( ? 0 ) i t  became apparen t 
t h a t  the success  o f  the  re d u c t iv e  a c é ty la t io n  was h igh ly  
s u sc e p t ib le  to  small changes in  tem perature# When z in c  dus t  was 
added to  a  s o lu t io n  of the  p y rid in e  d e r iv a t iv e  ( 60) m aintained a t  
a tem peratu re  below - 5^ no r e a c t io n  occu rred , bu t when the  same 
r e a c t io n  was allowed to  warm to  room tem peratu re  an exothermic 
r e a c t io n  ensued, r e s u l t i n g  in the  form ation of a complex m ix tu re .
72.
The optimum co n d it io n s  r e q u i re  a tem perature  of -5 -0 °  during  the  
a d d i t io n  of z in c  (4 h .)  and then  s t i r r i n g  a t  0-5^ f o r  approxim ate ly  
8h. befo re  a llow ing  to  warm'up to  room tem p era tu re .
I f  the  1 ,4 - d ih y d r o - l ,4 - d ia c e ty l  py rid ine  (70) i s  heated  in  
methanol f o r  s e v e ra l  hours o x id a tio n  to  4 -a c e ty l -3 ( l -m e th o x y )e th y l  
p y rid ine  (59) occurs ,  however, the  y ie ld  i s  low and i n i t i a l l y  we 
sought o th e r  means of e f f e c t in g  t h i s  a ro m a t iz a t io n .  Thus 
o x id a tio n  w ith  chromium t r i o x id e  gave a low y ie ld  of (59) whereas 
n i t r o u s  ac id  and iod ine  f a i l e d  to  g ive i d e n t i f i a b l e  p ro d u c ts .
N -S u b s t i tu ted  1 -4 -d ihyd ropyrid ine  d e r iv a t iv e s  r e a c t  w ith  




V ®  Cl
A pplied to  th e  substance  (70) t h i s  r e a c t io n  might proceed f u r th e r  
to  g ive  the  req u ire d  product (59) s ince  th e  corresponding  in te rm ed ia te  
would probably  be u n s tab le  and r e a c t  w ith  any a v a i la b le  n u c le o p h i le .  
Indeed p a r t i a l  success was achieved when £-benzoquinone and 
c h lo r a n i l  were employed in sm all sca le  r e a c t io n s  g iv in g  y i e ld s  of 
( 59) in  the  reg io n  of 50-60^. However, a t tem p ts  to  sca le  up these
73-
r e a c t io n s  reduced the  y ie ld  c o n s id e rab ly .  In  such cases  the
major product was a dark  co loured  r e s in .  I n t e r e s t i n g l y ,  however,
we a lso  i s o la te d  the  q u ino l a c e ta te  (73)• Presumably t h i s  compound 
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74.
Meervsfein's reagen t ( t r i e t h o x y te t r a f lu o r o b o r a t e )  has been used^^ 
to  achieve s e le c t iv e  N -d e a c e ty la t io n  of th e  s e n s i t iv e  sugar (74)*
I f  an analogous r e a c t io n  could be c a r r ie d  out upon (?0) a ro m a tiza t io n  
of the  product should be s t r a i g h t  forward, many such o x id a t io n s  of the  
l a t t e r  type o f  system are  documented in the  l i t e r a t u r e .
OAc QAc OAc
AcO NHCOCH AcO NH
(74)
T his  approach was u n su cc e ss fu l ,  however, when app lied  to  the  
system ( 70) je x te n s iv e  decomposition occurred  and only a t r a c e  of 
a product was ob ta in ed .  In  the  mass spec trom ete r  t h i s  gave r i s e  
to  a m o lecu lar  ion a t  m ^  149 and thus  i t  may have the  s t r u c tu r e  (75)
HCH
( 7 5 )
75-
Because of th e se  f a i l u r e s  we re v e r te d  to  the  technique o f 
h ea t in g  the  d ih yd ropy r id ine  in  methanol, bu t u n fo r tu n a te ly  we 
found th a t  the  y ie ld s  in  sca led  up r e a c t io n s  were in c o n s i s te n t  and 
g e n e ra l ly  poor. C lea r ly  t h i s  r e a c t io n  invo lves  a  r a d ic a l  mechanism 
and we were ab le  to  show t h a t  the  a d d i t io n  of t r a c e s  o f  benzoyl 
peroxide and f e r r i c  c h lo r id e  improved the  o v e r a l l  performance of 
th e  r e a c t io n .
N it ro - in d o l in o n e  form ation
With both  in te rm e d ia te s  in  hand an a ttem pt was now made tc  
condense the  two. D isap p o in t in g ly  when a m ixture of the  indf,le ( 69} 
and the  4 -a c e ty lp y r id in e  (59) were re a c te d  in  20^ aqueous sodium 
hydroxide s o lu t io n  a deep brown co lour developed and l a t e r ,  when 
the  r e a c t io n  was worked up, only the  ketone (59) was recovered , 
most of the  co lou r  being r e ta in e d  by the aqueous phase.
)
The r e a c t io n  between indoxyl and carbonyl compounds depends 
upon carbanion  form ation  a t  C-2 in  the  former; presumably the  
pseudo-phenolic  c h a ra c te r  of th e  p-n itrophenylam ine u n i t  in ( 76) 
reduces  d ep ro to n a tio n  a t  0-2 and preven ts  the  d e s ired  condensation  
ta k in g  p la ce .
(7 6 )
76,
An ac id  ca ta ly sed  r e a c t io n ,  which has been used w ith  success  
in  condensations  of indoxyl and v a r io u s  a l d e h y d e s ^ s e e m e d  an 
obvious s o lu t io n  to  t h i s  problem; however, such a r e a c t io n  
between ( 69) and (59) f a i l e d .  We suspected  th a t  the  reason  f o r  
t h i s  f a i l u r e  may have been due to  i n e f f i c i e n t  p roduction  of the  
f r e e  indoxyl ( 76 ) bu t when the  1 ,3 -d ia c e ty l in d o x y l  ( 69) was heated 
w ith  e th a n o l ic  su lp h u r ic  acid  th e  e th e r  (77) was ob ta in ed . This  
unexpected product was recognized  a s  a  p o t e n t i a l l y  u se fu l  in te rm ed ia te  
s in ce  when heated  w ith  aqueous hydrobroraio ac id  in  the  presence of the  
ketone the  re q u ire d  m ixture  of geom etric  isomers (7ü) and (79) were 
formed, u n fo r tu n a te ly ,  however, the  b e s t  y i e ld  obta ined  was only 4^.
HBr







The isomers ( 78) and (79) possess  s u f f i c i e n t l y  d i f f e r e n t  
s o l u b i l i t y  c h a r a c t e r i s t i c s  to  allow se p a ra t io n  and as  expected  
'H -n .m .r .  spectroscopy shows th a t  each i s  a  m ixture of d i a s t e r e o -  
isom ers. T h is  phenomenonderives from the  presence of the  c h i r a l  
cen tre  jo in ed  to  of the  py rid ine  r in g  and to  the  r e s t r i c t e d  
r o t a t i o n  about the  bond jo in in g  the. enone and pyrid ine  u n i t s  of 
s t r u c t u r e .  A c l e a r  d e c is io n  between the  d ia s te re o ra e r ic  p a i r s  i s  
p o ss ib le  s in ce  in  the  case of the  (Z^-isomer (79) the  methyl group 
a t ta ch ed  to  the  indo le  C-2 s id e  chain l i e s  in  the  d e sh ie ld in g  zone 
of the  enone carbonyl group. Thus in  the  'H n .m .r .  spectrum (F ig .  12) 
the  a b so rp tio n  due to  t h i s  methyl group occurs a t  • 3 .10 whereas in  
the  case of the  (E^-isom er ( 78) t h i s  s ig n a l  i s  a t  2 .3 0 .  (F ig ,  I 3 ) ,
In  the  (E )-isom er ( 78) d ia s te reo iso m erism  causes the  same methyl
s ig n a l  to  appear as  two s i n g l e t s  so th a t  th e  f ig u r e  quoted above i s
the  mean p o s i t io n .  S im ila r ly  two s in g l e t s  a re  observed f o r  the
0-methyl group; the methine fu n c tio n  of the  p y r id y l  s id e  chain  a t
C-3 appears  as  two q u a r t e t s  and the methyl u n i t  as  a double
d o u b le t .  When th e  sample i s  heated , however, th ese  s ig n a ls  merge
and i t  i s  p o s s ib le  to  determine the  a c tu a l  coalescence tem p era tu re .
From t h i s  measurement the  p o t e n t i a l  energy b a r r i e r  to  overcome the
r e s t r i c t e d  r o t a t i o n  about th e  bond jo in in g  the  enone and p y r id in e





where K = Boltzmann’s c o n s ta n t ,  h = Planck!c c o n s ta n t ,  
T = tem pera tu re , Ea = p o te n t ia l  energy b a r r i e r  
and R = gas c o n s ta n t .
78.
The s im p l i f ie d  form of the  Gutowsky-Holm exp ress ion  f o r  the  
l i n e  shapes of exchanging sp ec ie s  g iv e s :
2 t  = J ~2
TTa S
r e l a t i n g  th e  chemical s h i f t  d i f f e r e n c e  ( a ï )  and the l i f e t im e  of the 
s t a t e  ( 2 % ) ,  a t  the  po in t where the  s ig n a ls  c o a le sce .
Kp -   ^ TT A. So
2T V ?
(where &So i s  the  chemical s h i f t  d i f f e r e n c e  in  H ertz  a t  273°K). 
S u b s t i tu t in g  in to  equa tion  1 g iv e s
IT aS g KTo , • e (where Tc = coalescence
*12 “ vT" * / te m p e ra tu re )
th e re fo re —Ea
e
ù  f.
5% ” h T A ^ o
/?K T o
-Ka . h~n~ a.So
g j j  “ loge "âc  + l ° s e  e  —
Ea = RTo [  loge ^  + loge ]
Ea ■= 2.303 X R X To [  log^^ ^  + log^g
Ea -  4 .59 To [ 9.97  + log^o .................................... 2
Thus to  ev a lu a te  Ea a  graph of chemical s h i f t  d i f f e r e n c e  ( ^  ) 
v s  tem perature  (°K) was c o n s tru c ted  (F ig .  14) and from i t ,  v a lu es  
of To (co a lescen ce  tem pera tu re)  and 0 (chem ical s h i f t  d i f f e r e n c e  
a t  273°%) were measured.
79






From the  graph (F ig .  14) Tc 
and th e r e f o r e :
349° and a S o = 9.6Hz
Ea = 77.2 Kj/mole
In  the  case of the  (Z}-isomer (79) the  coalesoense  tem perature  
l i e e  c lo se  to  the  normal running  tem perature  of the  n .m .r .  
sp ec trom ete r  and in  consequence Ea was no t c a lc u la te d .
R eturn ing  to  the  p ro jec ted  sy n th e s is  the  product y ie ld  in  the 
condensation r e a c t io n  between the  indoxyl d e r iv a t iv e  and the 
4 -a c e ty lp y r id in e  d e r iv a t iv e  was too low to  allow f u r th e r  p rog ress  
and i t  became n ecessa ry  to  co n s id e r  a l t e r n a t i v e  ro u te s .
One p o s s i b i l i t y  was the  d i r e c t  n i t r a t i o n  of the  indole ( 64) and 
to  i n i t i a t e  t h i s  in v e s t ig a t io n  the  indo linones  ( 62) and ( 63) were 
prepared and the  mixture reduced w ith  sodium borohydride in e thano l 
s o lu t io n .  The in te rm ed ia te  a lcoho l ( 80) was not i s o la t e d ,  bu t 
dehydrated to  ( 64) by ac id  trea tm en t (see  Route 5> page 6 l ) .





On one occasion  a f t e r  sodium borohydride trea tm en t the  so lv en t  
e th an o l was removed and the  re s id u e  p a r t i t io n e d  between chloroform 
and w a te r .  The organic  phase was deep b lu e - v io l e t  in  co lo u r  and 
when t h i s  was t r e a te d  w ith  ac id  a red gum r e s u l t e d .  T r i t u r a t io n  
of t h i s  w ith  e th an o l caused p a r t i a l  c r y s t a l l i z a t i o n  of the  req u ire d  
indo le  ( 64) ,  bu t from the  m o th e r- l iq u o r  a q u a n t i ty  of the  v in y l





An i n t e r e s t i n g  f e a tu re  of the  ’H -n .m .r . spectrum (F ig .  I 5 ) of 
t h i s  l a t t e r  molecule i s  t h a t  th e  methylene u n i t  of s t r u c tu r e  g iv e s  
r i s e  to  two s i n g l e t s  a t  5*13 p .p.m . and 5*80 implying non-equ iva lence , 
however, th e re  i s  no obvious coupling between the  two s ig n a l s .  A 
s im i la r  phenomenon i s  apparen t in  the  spectrum of the  0 -a c e ta te
81 .
( 8 l ,  R = OAc) formed by the  a c t io n  of a c e t i c  anhydride and 
t r ie th y la m in e  on e i t h e r  ( 62) or ( 63)^^ .
The form ation  of th e  v in y l  compound ( 81 , R = H) p re se n ts  
a r  i n t e r e s t i n g  problem which w i l l  be d iscussed  l a t e r  (page 93 )
N i t r a t i o n  of the  indo le  ( 64)
P r io r  to  the  a c tu a l  n i t r a t i o n  of the  indo le  ( 64) a 
review of th e  n i t r a t i o n  r e a c t io n s  of 2 -a lk y l  in d o le s  was 
conducted in  o rd e r  to  a s c e r t a in  the  probable s i t e  of 
s u b s t i t u t i o n  under v a r io u s  c o n d i t io n s .
In d o le s  u n s u b s t i tu te d  a t  C-2 polymerize under normal
n i t r a t i n g  co n d it io n s  due to  i n i t i a l  C-3 p ro to n a tio n  and
subsequent a t t a c k  by o th e r  indo le  molecules^^ (see  Route 8)
2 -A lk y l- in d o le s ,  however, may be n i t r a t e d  in  ac id  so lu t io n  and 
i t  i s  g e n e ra l ly  accepted t h a t  s t e r i c  f a c to r s  and e le c t ro n  
donation  from the  s u b s t i tu e n t  group s t a b i l i z e  the  conjugate  ac id  






The a c tu a l  p o s i t io n  en te red  by the  n i t r o  group ( s )  depends
/  
/ .on the  c o n d i t io n s ,  thus  in  warm concen tra ted  n i t r i c  ^ c id  a lo n e ,
o r  d i lu te d  w ith  g l a c i a l  a c e t i c  ac id  2 -a lk y l  in d o le s  y ie ld  the
corresponding  3 ,6 - d i n i t r o  d e r iv a t iv e s '^ ^ .  When the  c o n d it io n s
a re  more fo rc in g  3 > 4 > 6 - t r in i t ro  in d o les  form. Noland and 
91co-workers propose th a t  in  th e se  media the  n itroson ium  ion 
(NO^) i s  th e  i n i t i a l  e l e c t r o p h i l e ,  which a t t a c k s  a t  C-3 the  
small amount of f r e e  indole  in  eq u il ib r iu m  w ith  i t s  con jugate  
a c id .  These au th o rs  noted t h a t  u su a l ly  an induc tion  period  i s  
n ece ssa ry  and when the  r e a c t io n  f i n a l l y  ta k e s  p lace la rg e  amounts 
of n i t r i c  oxide a re  evolved.
t
Nolands group propose t h a t  once form ed,the  3 -n i t ro so in d o le  
undergoes o x id a tio n  w ith  n i t r i c  acid  to  form the 3 -n i t ro -a n a lo g u e  
and more n i t r o s a t i n g  a g en t .  The de lay  p r io r  to  r e a c t io n  i s
84.
n e cessa ry  in  o rd e r  t h a t  s u f f i c i e n t  n itroson ium  ion i s  accumulated 
to  s u s ta in  r e a c t io n  and in  support of t h i s  i t  may be shown th a t  i f  
sodium n i t r i t e  i s  added no in d u c tio n  period  i s  r e q u ire d .
Noland c o n s id e rs  t h a t  the  presence of a 3 - n i t r o  fu n c t io n  much 
reduces  the  b a s i c i t y  of the  indo le  so t h a t  conjugate ac id  form ation  
i s  d is fav o u red  and n i t r a t i o n  then  proceeds in  the  benzenoid r in g  
a t  p o s i t io n  C~6. F u r th e r  a t t a c k  may occur a t  C-4* The v a l i d i t y
t
of Nolands s t r u c t u r a l  assignm ents a re  v e r i f i e d  by s y n th e t ic  s tu d ie s ,  
bu t h i s  co n c lu s io n s  seem r a th e r  obscure s ince  i f  the  f r e e  indo le  i s  
the  s u b s t r a t e ,  a t t a c k  by the  e l e c t r o p h i l e  para  to  the  indo le  N-atom 
might be a n t i c ip a t e d .  On the  o th e r  hand i f  one cons ide rs  the 
conjugate  ac id  (83 ) a t t a c k  a t  th e  6 and 4 - p o s i t io n s  (meta to  the  
p o s i t iv e ly  charged N-atom) would be u n e x ce p t io n a l . y
i
)
+ / O H
(83)
When 2 - s u b s t i tu t e d  in d o le s  a re  n i t r a t e d  in  co n cen tra ted  su lp h u r ic
acid  by the  a d d i t io n  of sodium n i t r a t e ,  5 -n i t ro in d o le  d e r iv a t iv e s  are  
92produced • N i t r a t io n  a t  C-3 does not norm ally  occur and 5>7” Clinitro 
p roducts  have no t been r e p o r te d .
85.
93N .m .r .  and u .v .  s p e c t r a l  s tu d ie s  on v a r io u s  methyl s u b s t i t u te d  
in d o le s  show t h a t  in  concen tra ted  su lp h u ric  acid  s o lu t io n  they  e x i s t  
almost e n t i r e l y  as  th e  con jugate  a c id .  This f a c t  i s  taken  to  e x p la in  
the  lack  of r e a c t i v i t y  a t  C-3 towards the  n itron ium  ion and Noland 
reg a rd s  the  imminium bond to  be capable of pa ra  d i r e c t i o n ,  b u t once 
aga in  i t  i s  no t easy t o  accep t t h i s  view p o in t .  N e v e r th e le s s  
s y n th e t ic  s tu d ie s  seem to  confirm  h i s  o r i e n ta t io n  ass ignm ents .
Our requirem ent was the  form ation  of the  5 -n i t ro in d o le  ( 84 ) so 
we considered  tha 't concen tra ted  su lp h u r ic  acid  and sodium n i t r a t e  
were the  re a g e n ts  of ch o ice , bu t before  committing our a v a i l a b le
m a te r ia l  we decided to  examine the  e f f e c t  of concen tra ted  su lp h u r ic
/




At tem p era tu res  ranging  from 0-90 the  paren t indole  was 
reg en era ted  unchanged, b u t ,  a f t e r  hea tin g  a t  100°, p ro g re s s iv e ly  
l e s s  of the  indo le  was l i b e r a t e d  upon b a s i f i c a t i o n  as  th e  d u ra t io n  
of the  experiment was extended and a f t e r  30 m inutes , the  only 
product i s o la t e d  was the  3 -v in y lp y r id in e  de riva tive . ( 85) .
86.
(85)
S a t i s i f i e d  th a t  the  indo le  ( 64) was r e l a t i v e l y  s ta b le  we 
nex t a ttem pted  a n i t r a t i o n  experiment using ice  cold co n cen tra ted  
su lp h u r ic  ac id  to  which potassium n i t r a t e  (4  molar e q u iv a le n ts )
was g ra d u a l ly  added. On work-up a red-orange gum was o b ta in ed ,
/
/
t h i s  on t r i t u r a t i o n  w ith  e th e r  a ffo rd ed  a yellow so l id  which was
c r y s t a l l i z e d  from e th a n o l .
/
\
Elem ental a n a ly s is  in d ic a te d  the m olecu lar formula C^gH^yN^O^, 
i . e .  a t r i n i t r o  d e r iv a t i v e .  In  the  mass spectrum the expected 
m olecu lar  ion peak m/e 415 i s  of very low i n t e n s i t y .
Since t r i n i t r a t i o n  under th e se  c o n d it io n s  has not been 
re p o r ted  p rev io u s ly  i t  was o f  some i n t e r e s t  to  determine the  
o r i e n ta t io n  p a t te rn  of t h i s  compound.
87.
The 'H n .m .r .  spectrum (F ig .  16 )in  {CD^)^SO i s  summarized
below:
1 .0  p .p .m .. 3H, t r i p l e t  ( J  = 7Hz), CH^.CH^.OH
1 .4  p .p .m . , 3H, d o u b le t  ( j  = 6,5  Hz^, CH^.CH(OMe)
1.17  p .p .m .. 3H, d o u b le t  (J  = 6 .5  H^), CH^.C
3 .1  p . p.m. , 3H, s i n g l e t ,  OMe
3 .5  p .p .m ., 2H, q u a r t e t  ( j  = 7Hz), CH^.CHg.OH
4 .8  p .p .m . , IH, q u a r t e t  ( J  = 6.5  Hz), CH(OMe)CH^
5 .5  p .p .m . , IH, q u a r t e t  ( j  = 6 .5  Hz), CH.CH^
*
6 .0 -6 .5  p .p .m .,  3H, V.broad s in g l e t
7 .0  p .p .m .,  IH, do u b le t  (J^ = 5Hz), 5' -  H
8 .35  p .p .m .,  IH, broad s i n g l e t ,  benzenoid proton /
8 .5  p .p .m .,  IH, broad do u b le t  6 ' - J ^
8 .7  p .p .m .,  2H, broad s i n g l e t ,  2*-H and benzenoid p ro to n .
From t h i s  d a ta  i t  i s  c l e a r  t h a t  two n i t r o  groups are  p re sen t  in
th e  benzenoid r in g  and th e  o th e r  must be a t  C-3 s ince  the  s ig n a l  
a n t i c ip a te d  f o r  the  proton a t  t h i s  p o s i t io n  (% ca 6.5  p .p .m . in  
^^^3^2^^^ i s  a b se n t .
The two benzene proton resonances occur a t  S 8 .35 and Ï  8 .7  
a s  broad s i n g l e t s ,  thus  c l e a r  d i s t i n c t i o n  between the  o r i e n t a t i o n s  
A, B o r C i s  not p o s s ib le .
A ctive p ro to n s ,  l o s t  on tre a tm en t w ith  D^O
88.
(A) IB) (C)
In  o rd e r  to  provide a  s t r u c t u r a l  assignment we compared the
e le c t r o n i c  ab so rp tio n  spectrum o f our product w ith  those of
*
v a r io u s ly  s u b s t i t u t e d  n i t r o i n d o l e s  v i z : -
2 - M e th y l - 3 ;5 ,6 - t r in i t r o ^ ^ :  ) (co n c .  3 . 682x 10” m^) 230 ( l 3 , l 8 o ) ,
244(13,180), 317( 11 , 220) and 386 (^8 , 3l 8 )nm 
2 - M e th y l - 3 ,5 ,7 - t r in i t r o ^ ^ :  3 «056x10” "^) 264( 17 , 780)
and 350(9,550)nm //
3 , 5 , 7 - t r i n i t r o 94.
2-M ethy l~3 ,4 ,6~ t r i n i t r o
Our p roduct:
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X ^ ^ ( t ) ( o o n o .  4 . 12xlO“ ^M) 216( 19 , 950) 
286( 12, 900) and 413( 2 , 344)nm 
■ \ a j ( t ) ( o o n c .  2.539  I  10"^m) 294(15,850) 
and 347(12,020)
\ a j ( ' t ) ( 2 . 4 6  I  lO'^M) 272( 17 , 800) ,
•330( 11 , 500) and 41 l(l0 ,200)nm .
U n fo rtuna te ly  an unequivocal d ec is io n  i s  not p o ss ib le  although 
th e  c o r r e la t io n  between our compound and 2 - m e th y l - 3 ,5 ,7 - t r i n i t r o  
indo le  i s  reasonab ly  c lo se .  In  consequence we t e n t a t i v e l y  a ss ig n  
s t r u c tu r e  (86) to  i t .
* The c o n c e n tra t io n  has been given s in ce  th e se  substances  do no t 
obey B e e r 's  law.
89 .
’2 r ^
N O 2 Me CHCH3
OMe
(86 )
In  support of t h i s  conclusion  when th e  n i t r a t i o n  r e a c t io n  was 
rep e a te d ,  t h i s  time using  only one m olecu lar e q u iv a len t  of potassium 
n i t r a t e ,  a d i n i t r o  compound was i s o l a t e d .
/
The 'H n .m .r .  spectrum of t h i s  product i s  reproduced in  
f ig u r e  ( 17) .  Unlike the  spectrum of the  t r i n i t r o - p r o d u c t  c l e a r  
evidence of d ia s te reo iso m erism  i s  shown and the  ABX s p l i t t i n g  p a t te rn  
of the  th re e  benzenoid p ro tons  in d ic a te  n i t r o  s u b s t i t u t i o n  to  be a t  
e i t h e r  C-5 o r  C-6.
F igure  ( I 8 ) i l l u s t r a t e s  th e  e le c t r o n ic  ab so rp tio n  spectrum of 
t h i s  compound in  r e l a t i o n  to  those  of 3 »5-c lin itro -2-m ethy l and 
3 ,6 -d in i t ro -2 -m e th y l  in d o le s .  From t h i s  i t  would seem th a t  the  
s t r u c tu r e  i s  probably ( 87 ) .




I n t e r e s t i n g l y ,  when the  dinitro-compound was hydrogenated
in  e thano l so lu t io n  only one of the  n i t r o  fu n c t io n s  was reduced .
In  the  i n f r a - r e d  spectrum (n u jo l )  t h i s  mono amino product showed
major hands a t  3410 and 3320 (-NH^) and l630cm” ^. This l a s t
f a c t  and the  v i r t u a l  absence of an ab so rp tio n  expected f o r  a  n i t r o  
/  - 1 \group ( 1530cm ) sugges ts  t h a t  a lthough  the  n i t r o  group i s
fo rm ally  s i t e d  a t  C-3 the  compound may e x i s t  in  the  oximino form 







I f  the  r e s u l t s  of our experim ents  a re  c o r r e c t ly  in te r p r e te d  they 
r e p re se n t  a r a d i c a l  d ep a r tu re  from normal ex p er ience , thus  here  we 
f in d  n i t r a t i o n  a t  C-3, p o ly n i t r a t i o n  and, moreover, an unexpected 
o r i e n ta t io n  of s u b s t i t u e n t s .
We can only o f f e r  a t e n t a t i v e  r a t i o n a l i z a t i o n  of our r e s u l t s ,  but 
because of the  p re ssu re  to  complete our major o b je c t iv e s  we were 
unable to provide evidence in support of i t .  We suggest t h a t  in 
concen tra ted  su lphu ric  ac id  the  indole  undergoes s u b s t i t u t i o n  in  the 
benzenoid r in g  ( a t  C-5) f i r s t .  This event and th e  presence of the 
pyridinium  c a t io n  reduces the  s t a b i l i t y  of the  conjugate  ac id  so t h a t
91
a d d i t io n a l  n i t r a t i o n  may occur a t  C-3* The form ation of the  
t r i n i t r o  product may he more easy than expected a t  f i r s t  s ig h t ;  
f o r  example, because the  two n i t r o  groups a t  C-3 and C-5 a re  c ro ss  
conjugated w ith  r e s p e c t  to  the  indo le  N-lone p a i r  e l e c t r o n s ,  the  
l a t t e r  a re  more a v a i l a b le  f o r  s t a b i l i z a t i o n  of the  t r a n s i t i o n  s t a t e  
req u ired  fo r  C-7 s u b s t i t u t i o n .
Prom th ese  experim ents i t  seemed th a t  an approach based on the 
d i r e c t  n i t r a t i o n  of the  indo le  was u n p ro f i ta b le  and so we d i r e c te d  
cur a t t e n t io n  towards using  the  indo linones  (62) and ( 63) as  the  
s u b s t r a t e s  f o r  n i t r a t i o n .
N i t r a t io n  of the  In d o lin o n es .
J u s t  a s  in d ig o t in  has been observed to  undergo n i t r a t i o n  in 
w a te r - f re e  system s^^’^^, we hoped the indolinone mix'ture ( 62 ) and ( 63) 
would r e a c t  in  concen tra ted  su lp h u r ic  acid  s o lu t io n .  '
)
In  p r a c t i c e ,  however, we f in d  th a t  only moderate y ie ld s  of the 
m ono-n itro indo linones  ( 78 ) and (79) are  o b ta ined , these  p roducts  








A m ixture  of the n i t r o in d o l in o n e s  was sub jec ted  to  sodium 
borohydride red u c tio n  in  b o i l in g  e thano l and then w ithout 
c h a r a c te r iz a t i o n  of the  in te rm ed ia te  a lcoho l the  product was 
dehydrated by trea tm en t w ith  hydrogen c h lo r id e  in methanol.
However, t h i s  procedure d id  no t g ive  the  expected indo le  ( 84 ) ,  but 
r a th e r  a  small q u a n t i ty  of a white s o l id ,  suspected  from mass s p e c t r a l  







Proof of t h i s  s t r u c t u r a l  assignment was achieved l a t e r  when the 
a c e ty l  d e r iv a t iv e  of t h i s  product was shown to  be i d e n t i c a l  w ith  an 
a u th e n t ic  specimen prepared by ano ther ro u te  (see  page 99 )•
Although t h i s  r e s u l t  was a disappointm ent to  us i t  i s  of i n t e r e s t  
to  note  t h a t  n i t r o  groups a re  no t normally a f f e c te d  by sodium 
borohydride under these  c o n d i t io n s .  The reason  f o r  the s u s c e p t i b i l i t y  
o f  the  n i t r o  group in t h i s  case i s  no t c l e a r .
R e p e t i t io n  of the  re d u c t io n  a t  roora-temperature y ie ld e d  an 
u n s tab le  su b s tan ce ,  which upon c r y s t a l l i z a t i o n  from e thano l gave 
red coloured prisms as  the  f i r s t  crop and then  a yellow s o l id .
93<
The red  c r y s t a l s  were obviously  impure, but mass spectroscopy  
showed a m olecu lar  ion a t  m/e 341 which r e a d i ly  l o s t  18 mass u n i t s
(-HgO), In  the  i n f r a  red spectrum a broad band 3600-3200 cm-1
-1in d ic a ted  an a lc o h o l ,  w hile  a b so rp tio n  maxima a t  I 5IO and 1330 cm 
revea led  t h a t  a n i t r o  group was p re se n t .  These f a c t s ,  to g e th e r  w ith  
the  ’H n .m .r .  d a te  (see  experim ental s e c t io n ) ,  suggest t h a t  t h i s  
product i s  ( 90 ) and t h i s  conclusion  i s  supported s ince  on hea tin g  
in  benzene in a Dean S tark  a p p a ra tu s ,  the  compound r e a d i ly  dehydrated 








M e c h a n is t ic a l ly ,  the  form ation  of ( 9 I )  i s  in c o n f l i c t  w ith
87the  work of Hooper and P l t k e th ly  who have shown t h a t ,  norm ally  
red u c tio n  of theoc—^ - u n s a tu r a te d  system of a lk y l id e n e - in d o l in o n e s  
w ith  sodium borohydride in v o lv es  1 ,4 -a d d i t io n  of hydrogen a s  the 








Unless tau tom eric  phenomena are  evolved the  form ation  of tho 
v in y l  indo le  ( 91) must occur hy I n i t i a l  1 ,2 -a d d i t io n  of hydrogen 
to  the  carbonyl fu n c tio n  of ( 78 ) and ( 79) g e n e ra t in g  the  re s p e c t iv e  
a lco h o l e . g .  ( 90) from the  (E )-lsom er which on h ea t in g  dehydra tes  
to  ( 91) .
With ( 91) in hand we presumed th a t  r in g  c lo su re  to  e l l i p t i o i n e  
should be r e l a t i v e l y  simple s in ce  both compounds a re  a t  the  same 
o x id a tio n  l e v e l ,  the  re a c t io n  only re q u ir in g  the  formal lo s s  of 
MeOH. Tautcmerism to  th e  f u l l y  arom atic  t e t r a c y c l i c  pyridocarbazo le





An a ttem pt to  b r in g  about t h i s  r e a c t io n  by h ea ting  ( 91) 
aqueous hydrobromic ac id  (60%) f a i l e d .  R e g re t fu l ly  th e r e f o r e ,  
we decided to  abandon the  p ro je c ted  sy n th e s is  and tu rn  our a t t e n t i o n  




The Synthesis  of 9 -A m inoellipticine
The p rev ious r e s u l t s  show th a t  the  n l t r o - in d o le  ( 9I )  may be 
sy n th es ised  from the ind o lin o n es  ( 62) and ( 63) and presumably 
hydrogenation  of ( 9I )  would g ive  th e  araino-indole ( 89) .  By 
t r e a t i n g  w ith  hydrobromic acid  t h i s  may then g ive  9 -a m in o e l l ip t ic in e ;  
however, in  view of the  poor y ie ld s  a lread y  encountered we did  not th ink  
t h i s  ro u te  was worth p u rsu in g .  We th e re fo re  re tu rn ed  to  the  b a s ic  
scheme ( ro u te  5> page 61) and hoped to  employ the  5-acetamido 






Hydrogenation of 5 -n i t ro - l ,3 -d ia c e ty l in d o % y l
When a s o lu t io n  of ( 69) in g l a c i a l  a c e t i c  acid  was hydrogenated 
over Adam's c a t a ly s t  a t  atm ospheric  p ressu re  the  amino in d o lin e  
(94 ; R = H) was formed and when a c e t i c  anhydride was p resen t  the  
d e r iv a t iv e  (94; R = Ac) was produced.
97.
(94)
By using  a m ixture of a c e t i c  anhydride and dimethyl formamide 
as  so lv en t  and 5^ Pd on carbon as  c a t a ly s t  th e  h e te r o c y c l ic  system 
remained i n t a c t ,  bu t in s te a d  of the  re q u ired  5 -a -ce tam id o - l ,3 -d iace ty l  





O C O C H
COCHq
(95)
A band a t  I 785 cm  ^ in  th e  IR spectrum was assigned to  the  
NOCOCH^  fu n c t io n  and t h i s  compares w ell w ith  the  s p e c t r a l  p ro p e r t ie s  
o f  ( 96) ,  p repared by a c e ty la t in g  phenyl hydroxylamine*
98.
C H gO C ^^X ^C O C H g
(96)
F in a l ly  when the  a c é ty la t io n  was performed in  a s e p a ra te  s tep  
a f t e r  hydrogenation  in  dim ethyl formamide s o lu t io n  alone we ob ta ined  
( 93 ) to g e th e r  w ith  small q u a n t i t i e s  of (97) and ( 98) .
ÇOCH3
COCHq








The 5-a-cetamidoindoxyl (93) was condensed w ith  the  4 - a c e ty l -  
p y rid ine  (59) and though g e n e r a l ly  the  product f a i l e d  to  c r y s t a l l i z e  
from the  r e a c t io n  m ix tu re ,on  one occasion deep red prisms s e p a ra te d .  
The 'H n .m .r .  spectrum (F ig .  19) in d ica ted  t h i s  to  he the  (^ ) - iso m e r  
( 99) s ince  th e  ab so rp tio n  due to  the  o l e f i n i c  methyl appeared a t  





Sodium borohydride red u c tio n  of (99) in  r e f lu x in g  e th a n o l ic  s o lu t io n ,  
followed by deh y d ra tio n ,  p resen ted  no problems except t h a t  when 
I n s u f f i c i e n t  reducing  agent was employed the  v in y l  indo le  (lOO) 









The f i n a l  s tage  o f  the  sy n th e s is  was e f f e c te d  hy h e a t in g  a 
s o lu t io n  of the  indo le  ( lO l)  under r e f lu x  in  aqueous hydrobromic 
ac id  ( 60ÿ) f o r  approxim ately  l 8 h . ,  during  which time a yellow 
d e p o s i t  c o l l e c t e d .  Thus by f i l t e r i n g  the  s t ro n g ly  acid  so lu t io n  
through s in te r e d  g la s s  the  dihydrobromide s a l t  of 9 -a m in o e l l ip t ic in e  
( 92) was ob ta ined  and on t re a tm en t w ith  sodium hydrogen carbonate  the 
f r e e  base was l ib e r a te d  in  38^ y i e l d .  On working up the  m other- 
l iq u o r  we were in t r ig u e d  to  d isco v e r  th a t  t h i s  co n s is ted  mainly of 
u n s u b s t i tu te d  e l l i p t i o i n e .
The p roduction  of e l l i p t i o i n e  in  t h i s  r e a c t io n  i s  i n t e r e s t i n g  
s in ce  i t  must involve a re d u c t iv e  mechanism and in  the  absence of
added reducing  re a g en ts  probably  invo lves  the  dihydro in te rm ed ia te/












Although we had achieved a sy n th e s is  of 9 -a m in o e l l ip t ic in e  
the  o v e ra l l  y i e ld  was very poor and provided only s u f f i c i e n t  m a te r ia l  
f o r  e v a lu a t io n  of i t s  a c t i v i t y  .a g a in s t  th e  leukemic mouse ( L 1 2 1 0 ) .
As our main o b je c t iv e  was to  use t h i s  compound as a s t a r t i n g  po in t 
f o r  the  s y n th e s is  of s e v e ra l  o th e r  d e r iv a t iv e s  we deemed i t  e s s e n t i a l  
to  dev ise  a  b e t t e r  syn theses  of 9 -a m in o e l l ip t ic in e .
AN IMPROVED SYNTHESIS OF ELLIPTIOINE DERIVATIVES 
I n t r o d u c t io n
The low o v e r a l l  y ie ld  of 9 -a m in o e l l ip t ic in e  obta ined  by ro u te  5 
stems f i r s t l y  from an i n e f f i c i e n t  sy n th e s is  o f  the  3-methoxyethyl- 
- p y r id in e  (59) and secondly the  severe  c o n d i t io n s  necessa ry  to  e f f e c t  
r in g  c lo su re  of ( lO l)  cause a p p rec iab le  l o s s  of the  f i n a l  product by 
deam ination  (see  ro u te  11)• Therefore  any new sy n th e s is  based on 
ro u te  5 r e q u i r e s  the replacem ent of the p y r id in e  (59) by a more 
a c c e s s ib le  a l t e r n a t i v e  which in tu rn  g iv e s  r i s e  to  a d e r iv a t iv e  
more e a s i l y  cy c l iz e d  to  the  py ridocarbazo le  system.
In d o le s  r e a d i ly  undergo e l e c t r o p h i l i c  a t t a c k  by carbonyl compounds
96in  m ild ly  ac id  media and th e re fo re  our primary o b je c t iv e  was an 
e f f i c i e n t  s y n th e s is  of th e  indo le  ( 103)* To achieve a sy n th e s is  of
( 103) we considered  t h a t  the  in te rm ed ia te  (IO4 ) o r  i t s  s t e r e o  isomer 
would be most u se fu l  and consequently  a s y n th e s is  of the  p y rid in e  
( 105) was in v e s t ig a te d ,  t h i s  w ith  the  a p p ro p r ia te  indoxyl should 
form ( 104) .
102.
M e H Me
O "  ^*^3
(103)
(104)
Syn thes is  o f  3»4~diacet.ylpyri(iine and d e r iv a t iv e s  
( i )  By f r e e  r a d ic a l  means
I n i t i a l l y  i t  was hoped t h a t  the  3 > 4 -d ia c e ty lp y r id in e  d e r iv a t iv e  
( 105) might he prepared by th e  W ibaut-Aren 's  red u c t iv e  a c é ty la t io n  
procedure us ing  the a c e ta l  ( 106) .  U nfo rtuna te ly  a l l  a t tem p ts  f a i l e d  





( i l )  By e le o t ro p fa i l ic  a t t a c k
Unlike 3-m ethy lpyrid ine  i t s e l f ,  3-m ethylpyridine-N~oxide 
undergoes ha logéna tion  a t  0-4 when t r e a te d  w ith  phosphorus oxychloride
98and a lthough  4 -c h lo ro p y r id in e s  a re  in a c t iv e  towards l i t h y l a t i o n
99t h i s  i s  no t so f o r  th e  4 -iodo analogues . As i t  i s  known t h a t  
ch lo ro p y r id in e s  may he converted  in to  io d o p y rid in es  we envisaged a 
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104.
Thus the  pyrid ine-N -oxide  (10?) was prepared and re a c te d  w ith  
phosphorus oxych lo ride ; the  crude product was shown to  c o n ta in  the
2 -c h lo ro p y r id in e  (108, X = Cl, Y = H) which from an a n a ly s is  of 
the  'H -n .m .r .  spectrum was contaminated w ith  approxim ately  5/  ^ of 
the  6 -ch lo ro isom er (108, X « H, Y « C l) .  No evidence f o r  the  





In  a d d i t io n  to  these  monochloro p ro d u c ts ,  a pale  yellow 
o
compound (m.p. 264-6 ) was ob ta ined ; from mass sp ec tro m e tr ic  
a n a ly s i s  t h i s  gave r i s e  to  a m olecular ion c l u s t e r  a t  m/e 
411/ 413/ 415* In  the  'H -n .m .r .  spectrum (P ig .  20) only 
a rom atic  proton s ig n a l s  were observed, grouped in to  a s i n g le t  
and an ABX s p l i t t i n g  p a t t e r n .  From t h i s  ev idence, to g e th e r  
w ith  e lem enta l a n a ly s i s ,  the  product i s  considered  to  be the  
t e t r a c y c l e  ( I 09) and a p o ss ib le  mechanism f o r  i t s  form ation i s  
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Indeed , we have some c i rc u m s ta n t ia l  evidence fo r  t h i s  pathway s ince  
th e  crude t e t r a c y c l e  i s  contaminated w ith  t r a c e s  of a component 
which in  the  mass spec trom ete r  g iv e s  r i s e  to  a m olecular ion 
c l u s t e r  a t  ra/e 217/219/221. This  may correspond w ith  the 
in te rm e d ia te  ( l i o ) .
C lea r ly  the  above approach to  (105) i s  in a p p l ic a b le  and 
n ex t the know n^^ acid  ch lo r id e  ( i l l )  was prepared as  the  
h y d roch lo ride  s a l t  and re a c te d  w ith  excess d im ethyl cadmium.
106.
In  t h i s  way i t  was hoped to  o b ta in  3 -a c e ty l - 4 -c h lo ro p y r id in e ,  but the 
only product i s o la t e d  was th e  s ta b le  enol (112) and, a lthough  the 
s t r u c tu r e  of t h i s  compound sugges ts  th a t  some of the  ketone (113) i s  
genera ted  during  t h i s  r e a c t io n ,  a number o f  m o d if ic a t io n s  to  the 




On one occasion  when the  acid  ch lo r id e  s a l t  was reac ted  w ith  
an excess of t r ie th y la m in e  and the product re ac ted  d i r e c t l y  w ith  
dim ethyl cadmium the  secondary amide ( 114) was ob ta in ed . 
Presumably the  complex (115) undergoes d e a lk y la t io n  in the  
presence of the  n u c le o p h i l ic  re a g en t .
107.
(115) (114)
( l i i )  from cinchomeronic ac id
Our n ex t approach to  the  ketone (105) depended upon the  
d i f f e r e n c e  in  r e a c t i v i t y  between groups p re sen t  a t  03 and 04 of the
py rid in e  r i n g .  Thus, j u s t  as the  d i e s t e r  of cinchomeronic ac id
. /
( l l 6 ,  R = Me) may be s e l e c t i v e l y  hydrolysed to  g ive  the  mono e s t e r  
( 117)^^^, we hoped to  hydrolyse s e l e c t i v e ly  the  d ike tone   ^





(1 0 5 )
108.
The s y n th e s is  of 3 ,4 -d ia c e ty lp y r id ln e  from cinchomeronic 
a c id  ( 116, R=H) seemed p o s s ib le  as  d ik e to  p roduc ts  have been prepared 
from the  d ia c id  ch lo r id e  ( 119)^^^, the d i e s t e r  (120)^^^ and a lso  
v a r io u s  d icy anopyrid ines^^ ^ , a lthough  in the  l a s t  case
2 ,3 -d icy an o p y rid in o  gave ( l 2 l ) .
CIOC^'^KT^COCI
(119)
^ h r^ C O ^ E t
(120)
/
F i r s t l y  we prepared cinchomeronic aoid by o x ida tion  of
105
I
iso q u in o lin e^^^  and from i t  sy n th es ised  samples of the corresponding 
d ia c id  c h lo r id e ,  the d icyan ide  ( v i a  the  diamide) and a lso  the  d ie th y l  
e s t e r .  However, r e a c t io n  of these  compounds w ith  s u i ta b le  re a g en ts  
f a i l e d  to  provide the  re q u ire d  d ik e to n e .  When the  f i r s t  s u b s t r a te  
was rea c te d  w ith  dimethyl cadmium, a very low y ie ld  of the  lac to n e  
( 122) was o b ta in ed . This  product has been prepared p rev io u s ly  by 
the  a c t io n  of méthylmagnésium bromide upon cinchomeronic anhydride ' 










N e i th e r  the  d lcyan ide  nor the  d i e s t e r  gave i d e n t i f i a b l e  
p roducts  when they  were used as s u b s t r a t e s  f o r  the  p re p a ra t io n  
of 3 ,4 -d ia c e ty lp y r id in e  in s im i la r  r e a c t io n s .  /
( i v )  From__p2 rWj^ni.um ^ a l t s  /
N u c leo p h i l ic  a t t a c k  on pyridinium  compounds may occur a t  e i t h e r  
the  C-2, 4 o r  6 p o s i t io n s ,  however, c e r t a in  n u c le o p h i le s ,  those  
capable of forming c h a r g e - t r a n s fe r  complexes, predominantly a t t a c k
107th e  C-4 p o s i t io n  fu rn ish in g  the  corresponding 1 ,4 -d ih y d ro p y r id in e s  
The cyanide ion i s  inc luded in  t h i s  c l a s s  a n d ,s in c e  t h i s  fu n c t io n  
once a t ta ch e d  to  the  p y r id in e  r in g  system may be converted e a s i l y  
in to  an a c e ty l  group, a r e l a t i v e l y  simple ro u te  to  the  d e s ired  
product from the  e thy lene  a c e t a l  of 3 -a c e ty lp y r id in e  seemed p o s s ib le .
In  g e n e ra l ,  a lthough  N-alkoxy pyridinium d e r iv a t iv e s  (123) 
r e a c t  w ith  cyanide ion in  a random manner, c o n d it io n s  may be chosen 
which favour 4 - s u b s t i tu t io n ^ ^ ^ .  In  such cases  the  in te rm ed ia te  
d ih y d ro -d e r iv a t iv e  (124) i s  very u ns tab le  and re a d i ly  lo s e s  R-OH to  
g ive  the  f r e e  base ( 125) ,
110




With t h i s  in  mind the  N -e th o iy l  s a l t  of 3 -a c e ty lp y r id in e  was 
prepared and re a c te d  w ith  an aqueous s o lu t io n  of sodium cyan ide . 
Immediately a red-brown o i l  s ep a ra ted ,  bu t a ttem p ts  to  p u r i f y  t h i s  
product were u n su cc e ss fu l .  /
I t  i s  known th a t  N -b e n z y l -3 -a c e ty lpyridinium  c h lo r id e  r e a c t s  
c lea n ly  w ith  cyanide ion a f fo rd in g  a h igh y ie ld  of ( 126)^^^(& ), 
U t i l i z in g  t h i s  procedure we hoped to  achieve an e f f i c i e n t  s y n th e s is  
o f  the  4 -cyanopyrid ine  (12?) (see  ro u te  13). Although (126) was 
obta ined  easily^  a ro m a tiza t io n  to  ( 127) o r  the  N-benzyl q u a te rn a ry  
s a l t  ( 128) could not be ach ieved . Dehydrogenation w ith  pallad ium  on 
carbon as  a c a t a l y s t  in  v a r io u s  so lv en ts  gave only complex gums and 
o x id a tio n  a t te m p ts  w ith  th io n y l  ch lo r id e  or iod ine  were e q u a l ly  
d is a p p o in t in g .  Our f i n a l  a ttem pt was w ith  d ic h lo ro -d ic y a n o -^ -  
benzoquinone, b u t the  crude product f a i l e d  to  show any evidence of 











A rom atization  of th e  l ,4 ~ d ih y d ro p y r id in e  (126) to  the  corresponding 
p y r id in e  n e c e s s i t a t e s  the  production  of the  benzyl anion or r a d ic a l  
e i t h e r  hy a concerted  or two s tep  p ro cess .  In  an a ttem pt to  
ex p ed ite  the  a ro m a tiza t io n  s tep  we prepared the  p -n i t ro h e n z y l  
analogue ( I 29) .  Base trea tm en t of t h i s  gave only t a r s  but w ith  
d i l u t e  ac id  a t  $0° a product was obtained which^from an in sp e c t io n  
of the  i n f r a  red  spec trum ,con ta ined  n i t r o ,  a c e ty l ,  hydroxyl and 
primary amide fu n c t io n s .  I t s  mass spectrum and 'H -n .m .r .  spectrum 
(F ig .  21) a re  in te r p r e te d  in  favour o f ' s t r u c t u r e  ( I 30) (see  experim ental 






A l i t e r a t u r e  search  f o r  p receden ts  of t h i s  type of behav iour 
rev ea led  t h a t  the  d ih yd ropyr id ine  ( I3 l)^^^^^^  r e a c t s  w ith  d i l u t e  








110At t h i s  time a paper pub lished  by a Japanese group caused 
us to  abandon our study of the  benzyl compounds f o r  an approach 
based on th e  pyridinium  system (133). These workers observed 
th a t  in  th e  presence o f  ammonium c h lo r id e ,  cyanide ion added almost 
e x c lu s iv e ly  to  th e  C-4 p o s i t io n  of (133) g e n e ra t in g  the  u n s tab le
1 ,4 -d ihyd ro  d e r iv a t iv e  (134) u s u a l ly  in good y i e l d .  Fragm entation 
of the  N-N bond i s  e a s i ly  a f fe c te d  g iv in g  th e  corresponding  






Following the  same c o n d i t io n s  we attem pted to  p repare  the  
pyridinium system (133, R * COCH^). However, r e a c t io n  of 
3 -a c e ty lp y r id in e  w ith hydroxylamine-O-sulphonic acid  r e s u l t e d  in 
a t t a c k  a t  the  carbonyl fu n c t io n  s ince  a f t e r  a c é ty la t io n  and 
chromatographic sep a ra t io n  of the  p roduct, the  two oximes ( 135) 
and ( 136, X » N -  OH) were i s o l a t e d .  R e p e t i t io n  of the  experiment 
w ith  the  e th y len e  a c e ta l  ( 106) and the  th ia n e  d e r iv a t iv e  (137) were 








F o r tu n a te ly  a re c e n t  p u b lica t io n ^^^  shows t h a t  N-amination of 
p y r id in e s  may he achieved by us ing  0-m esity lene  sulphonyl hydroxylamine 
and when we t r e a te d  the  a c e ta l  (106) w ith  t h i s  reagen t we obta ined  a 
n e a r  q u a n t i t a t i v e  y ie ld  of the  N-amino s a l t*  In  o rder  to  form (138) 
a c é ty la t io n  and m é th y la tio n  a re  necessa ry ; the f  i r ^ ' ' o f  th e se  
procedures req u ire d  g e n e ra t io n  of the f r e e  base , r a th e r  than  d i r e c t  
a c é ty la t io n  of the  s a l t  as  s ta t e d  by Suzue e t  a l ^^^, but a p a r t  from 
t h i s  m o d if ic a t io n  r e p e t i t i o n  of the  published  g e n e ra l  procedure gave 
e x c e l le n t  r e s u l t s *
The key r e a c t io n  in  the  p ro jec ted  rou te  to  3 $ 4 -d ia c e ty lp y r id in e  
was the  a d d i t io n  of cyanide ion to  form the  pyridinium in te rm e d ia te  
( 139) .  We were th e re fo re  very  re l ie v e d  when the  re a c t io n  worked 
e f f i c i e n t l y  g iv in g  a good y ie ld  of the  4 - cyano-pyrid ine  ( I 40 ) .  In  
the  i n i t i a l  work-up procedure we were ab le  to  i s o l a t e  the  1 ,4 -d ih y d ro -  
- d e r iv a t i v e  (139) a lthough  our evidence f o r  t h i s  product was 
confined to  IR and ’H-n*m.r. data* A rom atization however, was 
very  easy: merely passing  the  m a te r ia l  down an alumina column no t
only caused o x id a t io n ,  bu t served as  a  u se fu l  p u r i f i c a t i o n  technique*
115.
Suooess in t h i s  r e a c t io n  was t in g ed  w ith  d isappointm ent s ince  
trea tm en t of the  cyano-compound (140) w ith  methyl magnesium bromide 
f a i l e d  com pletely  and gave a q u a n t i t a t i v e  recovery of s t a r t i n g  
m a te r ia l .  This  r e s u l t  was the  f i r s t  in d ic a t io n  o f problems of 
s t e r i c  h ind^rance r e s u l t i n g  from the  bulky 3 - s u b s t i tu e n t .  However, 
by employing methyl l i th iu m  the  necessa ry  conversion  was achieved 
and ( 141) was obta ined  in h igh  y i e ld .  To complete the  s y n th e s is  
(see  Route I 4 ) s e l e c t iv e  h y d ro ly s is  w ith  hot a c e t i c  ac id  r e s u l te d  









(141) (1 0 5 )
116.
Attempted condensation between ( l4 3 )  and (9 3 ) .
Having only a l im i te d  s to ck  of the  5-acetam idoindoxyl 
d e r iv a t iv e  (93) we in v e s t ig a te d  f u r th e r  s te p s  in  the  sy n th e s is  w ith  
the  u n s u b s t i tu te d  compound ( 6 l ) .  Thus the  usual co n d it io n s  f o r  the  
form ation  of in do linones  were employed on a m ixture  of the  ketone 
( 105) and 1 ,3 -d ia c e ty l in d o x y l .  However, a f t e r  a llow ing to  stand 
f o r  seven days the  re a c t io n  m ixture d id  n o t co n ta in  any of the  
req u ire d  p ro d u c t.  In s te ad  a la rg e  q u a n t i ty  of in d ig o t in  was ob ta ined , 
to g e th e r  w ith  much s t a r t i n g  k e to n e .  Attempts to  e f f e c t  the  
condensation  a t  e lev a ted  tem pera tu res  were e q u a lly  u n su cc e ss fu l .
From a c o n s id e ra t io n  of m olecular models i t  seems th a t  th ese  
f a i l u r e s  a re  probably due to  th e  s t e r i c  h ind^rance which th e  r i g i d  
a c e ta l  fu n c t io n  a t  C-3 im parts  to  the  4 -a c e ty l  group,/ T herefore  any 
f u r t h e r  a t tem p ts  to  u t i l i z e  the  a c e ta l  were abandoned in favour of 
a  d e r iv a t iv e  which con tained  a s in g le  bond jo ined  to  the  oc-carbon atom of 
the  C-3 s id e  ch a in .  Here s t e r i c  problems a re  much reduced.
J u s t  as  cinchomeronic ac id  may be s e l e c t i v e ly  e s t e r i f i e d  a t  
C-4^^^ we hoped to  be ab le  to  p ro te c t  by a c e t a l  fo rm ation , the  a c e ty l  
fu n c t io n  of ( 142) a t  t h i s  p o s i t io n  w ithout a f f e c t in g  the  a c e ty l  
fu n c t io n  a t  C-3* Reduction and h y d ro ly s is  of (143) should then 
a f fo rd  a s u i t a b le  d e r iv a t iv e  (144) f o r  condensation w ith  the  indoxyl 
(see  ro u te  15)*
3 ,4 -D ia c e ty lp y r id in e  was obta ined  from the  a c e ta l  ( I 05 ) by 
trea tm en t w ith  20^ HGl a t  90°, th e se  r e l a t i v e l y  severe  c o n d i t io n s  














and C-4; but when the d ike tone  was re ac ted  w ith e thy lene  g ly c o l  
i t  gave a small y ie ld  o f  a product considered  to  be (145) to g e th e r  





As a very  s p e c u la t iv e  experiment we a ttem pted , a t  t h i s  t im e , to 
combine 3 , 4- d ia c e ty lp y r id in e  ( 142) w ith  1 , 3- d ia c e ty l in d o x y l ;  such 
an i n t e r a c t io n  i s  l i k e l y  t o  produce a  m ixture o f products  and a f t e r  
a r e l a t i v e l y  sh o r t  period (3 days) the  r e a c t io n  was te rm in a te d .  A 
la rg e  amount of in d ig o t in  was p re sen t  in  the  product to g e th e r  w ith  
a small amount of the  3- in d o l in o n e  ( 146) .
CH
(146) ( j f 7 ]
)
Evidence f o r  t h i s  s t r u c tu r e  i s  as  fo l lo w s :  in  the  mass spectrum
the  m olecu lar ion i s  a lso  th e  base peak a t  m/e 26o. A M+-1 ion and a 
peak due to  th e  lo s s  of 28 u n i t s  (CO) are  prominent f e a tu r e s  of t h i s  
spectrum and bands a t  3120(NH), 1630(C=C) and l690(C=0)cm ^ a re  
p re sen t  in the  i n f r a  red spectrum. The a l t e r n a t i v e  s t r u c tu r e  (147) 
may be e lim in a ted  s ince  in th e  'H -n .m .r .  spectrum (F ig .  22) a very 
low f i e l d  p o s i t io n  f o r  the  C-3 pyridy l proton r e f l e c t s  the  
a n is o t r o p ic  e f f e c t  of the  r i g i d  indolinone system.
Cranwell and S ax to n 's  sy n th es is^^  (see  page 55) of e l l i p t i c i n e  
e n t a i l s  a condensation o f  indo le  w ith  hexane-2 ,5 -d ione . I t  i s
conceivable  t h a t  an analogous reac tio n -m ig h t occur between indo le  and
3 , 4- d ia c e ty lp y r id in e  to  give ( l 4ü) which on red u c tio n  should a f fo rd  
e l l i p t i c i n e ,  a lthough  i f  an y th ing , i t  i s  more probable t h a t
119
i s o e l l i p t i c i n e  would be the major product. In p ractice , however,
(148)
the  r e a c t io n  gave no i d e n t i f i a b l e  p roduc ts .
With th e  p o s s i b i l i t i e s  of using 3 ,4 -d ia c e ty lp y r id in e  ap p a ren t ly
/  /
exhausted we now moved our a t t e n t io n  to  the  use o f  th e  p ro te c te d  
a lco h o l ( 149)" Thus 2 ,3 -d ihydropyran  was condensed w ith  the  
hydroch lo ride  s a l t  of ( 150) ,  d is so lv ed  in d ry  dimethylformamide 
to  g ive  ( 151) .  With t h i s  compound we followed e x a c t ly  the  same 
ro u te  by which the  ketone (IO5) was prepared except t h a t  the  f i n a l  
imine h y d ro ly s is  w ith  a c e t i c  ac id  was e f fe c te d  a t  room tem perature  
( o v e r a l l  y ie ld  65^ ) ,  Under more severe co n d i t io n s  of h y d ro ly s is  
the p ro te c t in g  group i s  cleaved and the  product i s o la te d  i s  then  the  












Under s t ro n g ly  b a s ic  c o n d i t io n s ,  r e a c t io n  of (149) w ith
1 ,3 -d ia c e ty l in d o x y l  proceeded smoothly and the  isom eric  indo linones  






As the  n ex t  s tep  sodium horohydride re d u c t io n  and ac id  
ca ta ly sed  dehydra tion  gave th e  a lcoho l (155> R=H).
Me
(155)
An i n i t i a l  small s ca le  r e a c t io n  provided f u r th e r  ev idence  t h a t  
a 1,2  a d d i t io n  (see  page 94 ) was the  f i r s t  s tage  o /  th e  re d u c t io n .
Presumably i n s u f f i c i e n t  reduc ing  agent was employed as the  only
j
product i s o l a t e d  was the  indo le  ( 156) .
/I.
Ï 2 . H +  ^







We were su rp r is e d  to  f in d  t h a t  r in g  c lo su re  of the a lco h o l 
( 155) did no t occur e a s i l y .  Only ac id  co n d i t io n s  comparable to  
those  re q u ire d  f o r  the  methoxy analogue were su cc e ss fu l  and of the  
o th e r  tech n iq u es  t r i e d ,  tre a tm en t w ith  phosphoryl ch lo r id e  in pyrid ine  
s o lu t io n  o f fe re d  the  b e s t  a l t e r n a t i v e ,  g iv in g  d ih y d r o e l l i p t i c i n e .
On the  whole, however, t h i s  approach was u n s a t i s f a c to r y  because of 
t a r  fo rm ation .
O xidation  of the  p y r id y l  s ide  chain to  an a c e ty l  group should 
be p o ss ib le  and r in g  c lo su re  to  th e  e l l i p t i c i n e  system should then  
be spontaneous. A number of re ag en ts  were in v e s t ig a te d  w ith  t h i s  
o b je c t iv e  in  mind.
Potassium  dichromate in  a c e t ic  ac id  a t ta c k e d  the indo le  nucleus 
and gave th e  spiro-compound ( 157)> probably by the  mechanism 











The s t r u c t u r a l  a l lo c a t io n  (157) i s  c o n s i s te n t  w ith  the  fo llow ing  
p h y s ica l  d a ta :  the  mass spectrum e x h ib i t s  a  m olecu lar ion (base peak)
a t  m/e 280 w ith  lo s s  of 28 u n i t s  (CO) as the  major frag m en ta tio n .
In  the  in f r a r e d  spectrum bands are  p resen t a t  3140(NH), 1710(C=0) 
and 1060cra ^ (C=0). The pro ton  (a )  g ives  r i s e  to  a q u a r te t  a t  3.35p.p*ra. 
in  the  *H n .m .r .  spectrum (F ig .  23) and the  C^-H in d o ly l  proton 
resonance , norm ally  a t  about 6 .3  p .p .m . ( in  CD^SOCD^), i s  a b se n t .
Decreasing the  s e v e r i ty  o f  the  o x id is in g  c o n d i t io n s ,  however, 
gave b e t t e r  r e s u l t s ,  th u s  t re a tm en t of ( 155> R=H) w ith  manganese 
d io x id e  fu rn ish ed  a low y i e ld  o f  e l l i p t i c i n e ,  but w ith  a  m ixture  o f  
dim ethyl sulphoxide and a c e t i c  anhydride a y i e ld  of 65^ was ach ieved . 
C lea r ly  the  indo le  r in g  of d e r iv a t iv e s  o f  the  type (155) i s
s e n s i t iv e  and only very mild o x id is in g  agen ts  may be employed to
/
o x id ise  the  a lc o h o l ic  fu n c tio n  of the  p y ridy l s ide  chain .
/
Dimethylsulphoxide and a c e t i c  anhydride probably r e a c t  w ith  t h i s
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At p re sen t  we are  unable to  comment m eanfully  upon the  p re c is e  
o rd e r  of ev en ts  lead in g  u l t im a te ly  to  e l l i p t i c i n e s ,  but i t  appears  
however, t h a t  the  major by-product in  the  r e a c t io n  sequence i s  
the  0 -a c e ta te  ( I 58) so t h a t  an excess of a c e t i c  anhydride in  the  





With the optimum co n d it io n s  f o r  the  o x id a t iv e  c y c l i s a t io n  
e s ta b l i s h e d ,  we attem pted to  sy n th es ize  ^ -a c e ta m id o e l l ip t i c in e  (159)* 
R eaction  of (149) w ith  th e  acetam idoindole  (93) fu rn ished  th e  indo linones  
(153  and 145; R = NHCOCH^). However, un like  the  u n s u b s t i tu te d  
analogues th e se  compounds d id  not c r y s t a l l i z e  from the  r e a c t io n  
m ixture  and i t  was necessa ry  to  use so lv en t  e x t r a c t io n  to  recover  the 
p roduct.  From an a n a ly s is  of s p e c t r a l  d a ta  of the  crude m a te r ia l  we 
suspected  d eace ty la t io n ^h ad  occurred and concluded th a t  t h i s  was
125.
the  reason why so lv en t  e x t r a c t i o n  was n e ce ssa ry .  However, a f t e r  
r e a c e ty la t lo n  o f  the  crude condensation product the  indo linones  
(153 and 154 , R=NHCOCH^ ) were ob ta ined  and th e  remaining s te p s  in 
the  syn theses  were implemented w ithout problems. 9 -A c e tam id o e ll ip t ic in e  
( 155) was ob ta ined  as yellow need les  m.p. 245-50 (d e c ) ,  from e thano l 




By employing t h i s  s y n th e s is  a la rg e  q u a n t i ty  of t h i s  compound 
i s  c u r re n t ly  be ing  prepared w ith  the  in te n t io n  of co nver ting  i t  in to  
a number of d e r iv a t iv e s  to  s tudy  s t r u c t u r e - a c t i v i t y  r e l a t io n s h ip s  
of the  pyrido  [4 , 3b] carbazo le  system.
126.
Experim ental
Attempted form ation  of N~(2-carboxy-6~nitrophenyl)gl.ycine* o r  d i e s t e r
(a )  B as if ied  (NaOH) s o lu t io n s  of 3 - n i t r o a n t h r a n i l i c  (2 .3g )  and 
c h lo ro a o e t ic  ac id  ( l  mole e q u iv .)  were mixed ( t o t a l  volume 35ml) 
and m ain tained  at 50° fo r  24b. On coo ling  and a c id i fy in g  3 - n i t r o -  
a n t h r a n i l i c  acid  p re c ip i t a t e d  ( 98^ y i e l d ) .
(b )  A s im i la r  m ixture to  the  above was heated under r e f lu x  f o r  12h. 
in  the  presence of Nal (0 .4 g )  and Cu powder (0 .5g )  but again  only 
s t a r t i n g  m a te r ia l  was recovered .
( 0) To a s o lu t io n  of e t h y l - 3 - n i t r o a n th r a n i l a t e  (50mg) in  d ry  D&IF 
( 2ml) c o n ta in in g  sodium hydride  was added e th y l  bromoacetate ( l  mole 
e q u iv .)  and the  m ixture s t i r r e d  and heated to  8o° f o r  5h.
E vaporation  of the  m ixture ^  vacuo followed by e th e r -w a te r  
e x t r a c t io n  fu rn ish ed  unchanged e t b y l - 3- n i t r o a n t h r a n i l a t e .
* Analogous re a c t io n s  performed on N -(2 -carboxy-3 -n itropheny$g lyc ine  
gave s im i la r  r e s u l t s .
127.
3-( 1-Chloroeth.yl ) pyrid i n e . -  l - ( 3 - P y r id y l ) e th a n o l  (20g)
(from a sodium horohydride red u c t io n  of 3 -a c e ty Ip y r id in e )  was 
d is so lv e d  in d ry  benzene (50ml) and th io n y l  ch lo r id e  (20ml) was 
added dropw ise, m ain ta in ing  th e  tem perature  a t  5 -10°. The m ixture 
was evaporated  under reduced p re ssu re  to  g ive  a brown gum, which was 
taken  up in  cold w ater and washed w ith  e th e r .  The aqueous so lu t io n  
was made b a s ic  w ith  so l id  sodium hydrogen carbonate  and e x t r a c te d  
w ith  e th e r .  The e th e r e a l  s o lu t io n  was washed, d r ie d  (MgSO^), and 
evaporated  under reduced p re ssu re  to  y ie ld  the  c h lo r in a te d  compound 
as  a mobile u n s tab le  brown l iq u id  (22g, 96^ ^ ,  650cm
3~(1-M ethoxyethyl)pyrid ine  (6 o )^^ . -  3 - ( l -C h lo ro e th y l )p y r id in e  
(22g) was added to  dry  methanol ( 150ml) c o n ta in in g  sodium (5g)*
The m ixture was heated  under r e f lu x  f o r  5h. The p r e c ip i t a t e d  NaCl
/
was removed by f i l t r a t i o n  and th e  methanol was evaporated under 
reduced p re ssu re  to  y ie ld  a  dark  brown mobile l i q u id .  This  was 
d i s t i l l e d  to  g ive 3 -( l-m e th o x y e th y l)  pyrid ine ( l6 .5 g ,  70$ ) ,  b .p .  57°__ 
a t  4 mmHg, m/e 137 and I 06 ( p ) , p 1100 (OMe) and 2800cm
l ,4 - D ia c e ty l - l ,4 -d ih y d r o -3 - ( l -m e th o x y e th y l )p y r id in e  ( 70)^^
3 -( l-M eth o x y e th y l)~ p y r id in e  ( I 7 . 6g) was d is so lv ed  in a c e t i c  
anhydride (300ml) and the  tem peratu re  of the  s t i r r e d  s o lu t io n  
reduced to  - 2 ° .  Zinc d u s t  (2Cj8g) was added portionw ise  to  the  
s o lu t io n  (4 h .)  m a in ta in ing  the  tem peratu re  a t  -2 °  during  the  
a d d i t io n  and then f o r  a f u r t h e r  8h. The m ixture  was s t i r r e d  a t  RT 
f o r  2 days. Removal of the  z in c  and z inc  a c e ta te  by f i l t r a t i o n  
followed by evapora tion  of the  a c e t i c  anhydride a t  40° jjc vacuo 
y ie ld e d  a v isco u s  yellow o i l .  H eating  a s o lu t io n  o f  t h i s  in
128.
methanol f o r  5h gave as  the  non-bas ic  product l , 4 - d l a c e t y l - l , 4 - d i h y d r o -
3“ ( l-m e th o x y e th y l)p y r id in e  (?o) Yield 34$, )) 1710(CH CO),max 3
1670(CHACON), l630(C«C)cm~^.
Conversion of (70) to  4-ace t.yl-»3-( l-m ethoxyethyl ) pyrid  ine ( 39)
(a )  With chromium t r i o x id e
To a s t i r r e d  so lu t io n  of (70) ( ig )  in  g l a c i a l  a c e t i c  a c id  was 
added an aqueous s o lu t io n  of chromium t r io x id e  (200mg) over a  period  
of ^ h .  A f te r  a f u r th e r  j-h s t i r r i n g ,  excess  isop ropy l a lco h o l was 
added and then  the  m ixture evaporated  in  vacuo* The r e s id u a l  gum was 
worked up f o r  bases  g iv in g  (5 9 ) ,  (y ie ld  34$) as  yellow o i l .
M+ 179» 164(F), ^ 3^  1700(C0CH )om~^.
(b) With n i t r o u s  acid  ^
A s o lu t io n  of (70) ( 200mg) in  chloroform (lOml) and d i l u t e
I
aqueous n i t r o u s  ac id  s o lu t io n  (lOml) were mixed and s t i r r e d  v ig o ro u s ly  
overn igh t a t  R.T. The aqueous la y e r  was separa ted  b a s i f i e d  and 
e x tra c te d  w ith  chloroform  b u t ,  a f t e r  d iy in g  (MgSO^) and ev ap o ra t io n ,  
t h i s  gave only  a s l i g h t  re s id u e  of an u n id e n t i f i a b le  p roduc t.  The 
non -bas ic  l a y e r  co n s is ted  only of re s in o u s  m a te r ia l .
(o ) With iodine
To the  1 ,4 -d ia c e ty lp y r id in e  d e r iv a t iv e  ( 70 ) (700mg) d is so lv e d  
hot benzene (50ml) was added a so lu t io n  o f  iod ine  ( l .5 3 g )  in  benzene 
( 100ml) over 3Ctoin. A f te r  a f u r th e r  30min., a deep red-brown gum 
se p a ra te d ,  th e re fo re  the  l iq u id  phase was decan ted , t h i s  was washed 
w ith  sodium s u lp h i te  s o lu t io n  and worked up f o r  bases  but gave on ly  
a t r a c e  of a gum which was no t examined f u r t h e r .
129.
(d ) With quinones
A m ixture  of ( 70) (200rag), p-henzoquinone (310mg) and xylene 
(l2m l) was heated  to r e f lu x  o v e rn ig h t .  A f te r  a llow ing to  co o l ,  the 
so lu t io n  was e x tra c te d  w ith  2N.HC1 and th e  aqueous l a y e r  washed w ith  
e th e r ,  b a s i f i e d  and r e - e x t r a c t e d  w ith  chloroform , prov id ing  ( 59) 
in  59$ y i e l d .  A s im i la r  y ie ld  ( 58$) was ob ta ined  by employing 
c h lo r a n i l .
Repeating the  above procedure on a l a rg e  sca le  (40g of (7 0 ) ) ,  
however, gave only a 5$ y ie ld  of ( 59) ,  most of the  product remaining 
in  the  xylene la y e r  and c o n s i s t in g  of an i n t r a c t i b l e  t a r .  The 
e t h e r i a l  washings were c o l le c te d  and reduced in  bulk  causing 
c r y s t a l l i z a t i o n  of hydroquinone. Evaporation  of the  f i l t r a t e  
fu rn ish ed  a red  o i l  and when d i s t i l l e d  ( 112° a t  0 .8n^) t h i s  provided 
a  v isco u s  orange coloured o i l  which slowly c r y s t a l l i z e d .  T r i t u r a t i o n  
w ith  CHCl^ then gave more hydroquinone but on evapora tion  o^ the  
f i l t r a t e  the  qu in o l a c e ta te  ( 73) was obta ined  m.p. 59- 61° ( p e t r o l  
6 0 - 8 0 ° ) ( l i t . ^ l 2  6 2 -3 °) .
(e )  With t r i e th o x y te t r a f lu o r o b o r a te  (M eerwein 's reag en t)
Meerv.ein's reagen t ( 1 mole equ .)  was added over 2 m inutes to  a
s t i r r e d  s o lu t io n  of (70) (510mg) in  CHCl^ ( l 2 m l . ) . A f te r  a f u r th e r  
30 min. the  so lv en t  was evaporated and s a tu r a te d  NaHCO  ^ s o lu t io n  
( 25ml) added to  the  r e s id u e .  By e x t r a c t io n  w ith  CHCl^ and working 
up f o r  bases  a small q u a n t i ty  of an orange o i l ,  149 (p o s s ib ly  ( 75)) 
was ob ta in ed .
130.
( f ) By h ea t in g  in Methanolio so lu t io n
The d ih y d ro -p y r id in e  (?0) (lOg) was heated  f o r  4 days in 
methanol ( l l ) .  The so lv en t  was then removed and the  r e s id u a l  o i l  
was worked up f o r  b a s ic  and non-bas ic  components, g iv ing  4 - a c e ty l -
3-m ethoxyethylpyrid ine ( 29$)
Repeating the  procedure in  th e  presence of a c a t a l y t i c  
amount of d ibenzoyl perox ide , o r  f e r r i c  c h lo r id e ,  increased  th e  y ie ld  
of  (59) to  35-40$ .
3-E th o x .y -5 -n itro indo le  (77)
The n i t r o in d o le  ( 69) (4*2g) in e th an o l ( 50ml) was heated  under 
r e f lu x  w ith  aqueous 20$ su lp h u r ic  acid  (lOml) under n i t ro g en  f o r  Ih .
On d i l u t i o n  and e x t r a c t io n  w ith  e th e r ,  compound ( 4 ) was obta ined
/
a s  a gum which slowly c r y s t a l l i z e d  and was r e c r y s t a l l i z e d  from
/  o
aqueous e th an o l to  g ive  pale  yellow prisms (30g) m.p. 112 , m/e 206,
)
178(base),  132, and 131 9 ^ ^  3400 (NH), 1620 (C=C), I 5IO (N=0), and 
1330cm~^ (MO), \  268sh ( t  7250), 28b (1 3 ,0 0 0 ) ,  and 337 (5230)nm,mcLX
S(CDC1 ) 0 .95 (3H, t ,  J  7 Hz, CHg.CH ) ,  3 .65 (2H, q , J  7 Hz, CHg.CH )
6 .6  (IH, B, 2-H), 7 .0  (IH, d ,  J  9 Hz, 7-H), 7 .55  (IH, 2 x d , J  9 and
2 .5  Hz, 6-H), and 8 .05 (IH, d, jJ 2 .5  Hz, 4-[H) (Pound: C, 58.0;
H, 5 .0 ;  N, 13 . 5 . C^^H^^gO^ re q u i r e s  C, 58.25; H, 4 .9 ;  N, 1 3 .6 $ ) .
(E )-  and (Z ) -2 -{ l - [ 3 - ( l - m e th o x y e th y l ) -4 -p y r id y l  ] e th y l id e n e l - 5 -n i t ro in d o l in -
3-one ( 78) and (7 9 ) .
( a )  A m ixture  of 3 -e th o x y -5 -n i t ro in d o ie  ( 4 . 8g) and 4 - a c e ty l - 3 -  
( l -m eth o x y e th y l)p y r id in e  (4*3g) in aqueous 10$ hydrogen bromide 
( 125ml) was re f lu x e d  f o r  10 min.under n i t ro g e n  atmosphere and then  
kep t a t  room tem perature  f o r  72h. B a s i f i c a t io n  and e x t r a c t i o n  w ith
131.
chloroform fu rn ish ed  a red  o i l  to g e th e r  w ith  a co n s id e rab le  amount 
of a deep purp le  in so lu b le  s o l id  which could not be p u r i f i e d .  
T r i t u r a t i o n  of the  o i l  w ith  e th an o l a ffo rded  the  JE-isomer (7 8 ) ,  
m.p. 250° (decomp.) (from e th a n o l ) ,  and ev ap o ra tio n  of th e  e th a n o l ic  
f i l t r a t e  gave the  ^ i s o m e r  (79)» m.p. 225-230°; t o t a l  y i e ld  4$; 
m/e 339» 307 (b a s e ) ,  292 , and 280 .
The (E )-isom er showed I 688 (CO), I 63O (C=C), 1505» and
1325om"^. 256 ( e  12 , 500) ,  266 ( 12, 900) ,  2878b ( 14 , 000) ,
297 ( 15 , 100) ,  372 . ( 10, 100) ,  4208b ( 5900) ,  and 444 (5150) nm, 
i (  p y r id in e  ) 30° ( F ig .  13 ) .  1.45 and I . 5I  (3H, 2 i  d ,  J  6 Hz,
CH.ra ) ,  2 .32  and 2.38 (3H, 2 x 8 ,  C.CH^), 3 .19 and 3.28  (3H, 2 i  s ,  
OMe), oa 4 .6  (IH, 2 x i n te r l e a v in g  q, CH.CH^), 7*02 ÇlH, d , J  8 .5  
Hz, 7-H)» 7 .20  (IH, d, J  5 Hz, 5 '-H ) ,  8 .32  (IH, 2 x d , J  8 .5  and 2 .0
Hz, 6-H), 8 ,5 6  (IH, d, J  2 .0  Hz, 4-H) 8 .6  (IH, d, J  5 Hz, 6 '-H ) ,  and
9.12  (IH, s ,  2 '-H ) .  From the  tem perature  dependence of t h i s  spectrum, 
Ba» the p o te n t i a l  energy b a r r i e r  to r o t a t i o n ,  i s  c a lc u la te d  to  be 
71 kJ mol
The (^ ) - iso m e r  showed 1695 (CO), I 635 (C=C), I 605» 1515» 
and 1325 cm ^ ( th e  e l e c t r o n i c  sp e c t ra  o f  E and Z-isom ers a re  
i d e n t i c a l , )  ^KCD^jgBOj (F ig .  12) 3OO I .35  ( 3H, d, J  6Hz, CHCH^), 2 .6  
(3H, 8, C.CH^), 3 .3  (3H, s ,  0 ^ ) ,  ca. 4 .3  (IH, q, CH.CH^), 7 .0  
(IH, d, J 9 Hz, 7-H)» 7 .3  (IH, d, J 5 Hz, 5'-H^), 8.2  (IH, 2 x d, J
9 and 2 Hz, 6-H), 8 .25 (IH, d , J  2 Hz, 4-H), 8 .6  (IH, d , J 5 Hz, 6’-H ),
8 .7  (IH, s ,  2 ' - } ^ ,  and 9 .7  (IH, s ,  M ) .  In  the  case of t h i s  isomer the 
n .m .r .  spectrum obta ined  was t h a t  of the  enan tiom eric  m ix tu re ,  the
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coalescence  tem perature  being below 30° (Found: C, 63 . 5 ; H, 5 .O;
N, 12.5; r e q u i r e s  C, 63 .? ;  H, 5 .05; N, 1 2 .4 $ ) .
(b ) The indo linone  ( 62) (2g) in  concen tra ted  su lp h u r ic  ac id  
(6ml) a t  0° was t r e a te d  dropwise w ith  potassium n i t r a t e  (1 .2  mol. 
e q u iv .)  in  concen tra ted  su lp h u r ic  ac id  during  10 min. The m ixture  
was then, poured on ice  (30g) b a s i f i e d  w ith  sodium hydrogen carbonate  
and e x t ra c te d  w ith  chloroform to  g iv e ,  a f t e r  removal of so lv e n t ,  
a  deep red  gum which was worked up to  g ive  a m ixture  o f  (?8) and (79) 
(750mg). .
(E) and ( Z ) - 2 - ( l - [3-(l-m ethox.yeth.yl)-4-P.yrid.yl]ethylidine 1 
in d olin -3-on e (62) and ( 63)
4 -A ce ty l-3 -(  l -m eth o x y e th y l)p y r id in e  (6g) in  50^  siqueous methanol 
( 80ml) c o n ta in in g  potassium hydroxide ( l6 g )  was ad^ed to  the 
a c e ta te  ( 6 l )  (? .2 7 g )  in  a n itrogen -pu rged  f l a s k .  The v e s s e l  
was t i g h t l y  s toppered  and l e f t  5 days a t  room tem pera tu re .
F i l t r a t i o n  under n i t ro g e n  then  affo rded  an isom eric  mixture of 
(62) and ( 63) ,  m.p. 180-1° ( l i t . ? ? ,  180-1°) and l 8 l - 2 °  ( l i t . ? ? ,  
l 8 l - 2 ° )  r e s p e c t iv e ly .  T o ta l  y ie ld  86 .6$ .
Sodium horohydride trea tm en t and subsequent dehydra tion  o f th e  
indo linones  ( 62) and ( 63) .
(a )  ( incom ple te  re a c t io n )
The indo linone  m ixture  ( 62) and ( 63) (2 .2 g )  was d is so lv e d  in b o i l in g  
95$ e thano l ( 100ml) and reduced portionw ise  w ith  sodium horohydride .
A f te r  20 m inutes on the  s team -bath  the e thano l was evaporated  and 
the  re s id u e  p a r t i t io n e d  between chloroform and w a te r .  E vapora tion
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of the  d r ie d  o rgan ic  phase fu rn ish ed  a blue s t i c k y  s o l id .
This  was taken  up in methanol (80ml) s a tu r a te d  w ith  hydrogen 
c h lo r id e  and then  the  so lv en t  evapora ted . P a r t i t i o n in g  the  
re s id u e  between chloroform, and sodium carbonate  s o lu t io n  fu rn ish ed  
a gummy o rgan ic  e x t r a c t  which by t r i t u r a t i o n  w ith  e thano l 
c r y s t a l l i z e d  to  give ( 64) ,  m.p. 164- 5° ( l i t . ? ? ,  165- 6° ) .
P a r t i a l  evapora tion  of th e  f i l t r a t e  provided a f u r th e r  q u a n t i ty  of 
( 64) ,  but upon washing the  f i n a l  re s id u e  w ith  ace tone , f i l t e r i n g ,  
and adding 2-3 drops o f  H^ O the  v in y l  indole  ( 8 I ,  R=H) c r y s t a l l i s e d  
m.p. 176- 7° (aq BtOH) m/e. 278, 363 , 346 and 231 (B ase), 3170(NH),
1620( 0=0 ) and 1120( 0- 0 )cm“ ^, 293sh (6950) ,  306( 8200) and
312sh(3lOO)nm., 5 (ODOl ) ( F ig .  15) 1.36(3H, d , J  6 Hz, CH OH),
/
3.10  (3H, 8, 0 ^ ,  4.48  (IH, q, J  6Hz, CH^CH), 5 .13 and 5 . 8O 
(2H, 2 X S ,  C=CHg), 6.16  (IH, d, J  2Hz, C^-H), 6 .95 -7 .60  
(5H, complex, benzenoid and C^’-H) 8.45~8.70(2H, complex ' 
C^'-H and NH) and 8 .22 (IH, s ,  C^'-H) (Found; C, 77.6; H, 6 .5 ;  
N, 1 0 .0 . C^gH^gNgO r e q u i r e s  0, 77*7; H, 6 .5 ;  N, 10 .1 $ ) .
(b ) Repeating the  above p rocedure, but t h i s  time fo llow ing  th e  
r e a c t io n  course by observ ing  changes in the  UV sp e c t ra ,  gave 
( 64) in  90$ y i e l d .
2- [ l- (3 -V in .y l~ 4 -p y r id y l)e th y l]  indo le  ( 85 ) . The indo le  ( 64) 
(200mg) in  concen tra ted  su lp h u r ic  ac id  (10ml) was heated f o r  
30 min. a t  100°, cooled , and poured on i c e .  B a s i f i c a t io n  and 
e x t r a c t io n  w ith  e th e r  y ie ld e d  ( 8 5 ) as prisms (152 mg, 86$),
m.p .  140- 141° ,  g/@ 248 and 233 ( b a s e ) , . ^  3110, 1625, I 6IO, andmax
1540cm"^, A 260 ( t  11 , 900) ,  280sh (1 0 ,5 0 0 ) ,  and 293 (8,100)nm,
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S(CDClj) (F ig .  24), 1 .6  (3H, d, J  7 Hz, CH.CH^), 4 .4  (IH, q , J  7 
Hz, CH.CH^), 5 .25 , 5 .4 ,  and 5 .7  (2H, 3 x d, J  1 .5  Hz, CH=CH2) ,
6 .4 b r  (iH , s, 3—H), 6 .7—7 .2  (5H, m, 4—, 5—, 6—, 5*—H> and
CH=CHg), 7 .5  (IH, m, 7-H), 8 .25 (IH, d, J  5 Hz, 6*-H), 8 .5  
(IH, s ,  2 '-H ) ,  and 8 .7 b r  (IH, s ,  M ) (Found: C, 82 .4 ; H, 6 .7 ;
N, 11 .3 . C^^H^gNg re q u i r e s  C, 82 .2 ; H, 6 .7 ;  N, 11 .3 $ ) .
2 - f l -  [3-( l-M ethox.yeth.yl)-4-P .yridyl]ethyl] - 3 , 5 , 7 - t r i n l t r o i n d o l e  (86)
The indo le  ( 64) ( l .2 g )  in  concen tra ted  su lp h u r ic  ac id  (lOmlj was
t r e a t e d  dropwise w ith  a s o lu t io n  of potassium n i t r a t e  (4  mole e q u iv .)  in
su lp h u r ic  ac id  a t  0° . A f te r . th e  a d d i t io n  (c a .  30rain), the  m ixture
was poured on ic e ,  b a s i f i e d  and e x tra c te d  w ith  e th y l  a c e t a t e .
Evaporation  of the  e x t r a c t  and t r i t u r a t i o n  o f  the  re s id u e  w ith  e th e r
affo rded  a yellow s o l id  which c r y s t a l l i z e d  from e t h a ^ l  as  prisms
( I .1 9 g )  m.p. 235° (decomp.) m/e 415, 368, 337 (b a s e ) ,  and 321,
” i
O  ca . 3400 (E ton , NH), I 6OO, 1540, and 1105 cra” ^, X  _  272
^  niajc mâjL
( e  17 , 800) ,  330( 11 , 500) ,  and 411( 10 , 200) nm &[(CD )gSO] (F ig .  I 6)
1 .0  (3H, t ,  J  7 Hz, CH^.CHg.OH), 1.4 (3H, d , J  6.5  Hz, CH^.CH 
(OMe) , 1.75  (3H, d, J  6 .5  Hz, CH^C), 3 .1 (3H, s ,  OMe), 3 .5  (2H, q,
J  7 Hz, CH^.CHg.OH), 4 .8  (IH, q , J  6 .5  Hz, CH(OMe)Me), 5 .5  (IH, q,
J  6 Hz, CH.CH^), 7 .0  (IH, d , J 5 Hz, 5 '-H ) ,  8 .35  (IH, s ,  4-H),
8 .5  (IH, d, J  5 Hz, 6 '-H ) ,  and 8 .7  (2H, s ,  6- and 2 ’-H) (Found:
C, 52.3; H, 4 .9 ;  N, 15 . 1 . C^qH^^^0^,C2H^0H re q u i r e s  C, 52.1;
H, 5 .0 ;  N, 15 . 2$ ) .
* The n .m .r .  spectrum of th e  indo le  ( 64) in su lp h u r ic  ac id  e x h ib i t s  
a  broad tw o-proton s in g le t  a t  S 4 .0 .  This i s  absen t in the  spectrum 
of a s o lu t io n  in  d eu te r io ch lo ro fo rm , where the  C-3 proton g iv e s  a 
c l e a r ly  defined  s in g le t  a t  S 6 . 4 .
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2 - ( l - [ 3 - ( l - M e th o x y e th y l ) - 4-p .y r id .y l]e th .y l]-3 , 5 , d i n i t r o i n d o l 9 (8?)
The fo rego ing  r e a c t io n  was repeated  w ith  1 mol. equ iv . of 
potassium n i t r a t e .  A f te r  p u r i f i c a t io n ,  the  product (8 7 ) was 
obtained as yellow  prisms from ace tone , ( 486mg), m.p. 140° (decomp), 
m/e 370 (weak), 323, and 292 (b a s e ) ,  I 600 , 1540, 1520, 1350
and 1105 255 ( E 22 , 300) ,  320b r  ( 10 , 600) ,  and 412( 6860) nra,
S(CDClj) (P ig . 17) 1.45 (3H, d , J  7 Hz, CH(OMe).CH ) ,  1.74  and 1.70
( 3H, 2 X d , j  7 Hz , CH.CH^) (d ia s te reo iso m erism ; see r e f .  (77) ),
3 .1  and 3 .2  (3H, 2 x s ,  OMe), 4 .85b r  (IH, q , J  7 Hz CH(OMe).CH^),
5 .5 b r  (IH, q , J  7 Hz, CH.CH^), 7.05 (IH, m, 5 '-H ) ,  7 .8  (IH, d , J  9 
Hz, 7-H), 8 .25  (IH, 2 X d , J  9 and 2 Hz, 6-H ), 8 .4 5 b r  (IH, d , J  5
Hz, 6‘-H ), 8 .6  (IH, s ,  2 ' -H ) ,  and 8 .9  (IH, d, J  2 Hz, 4-H) (Found:
C, 58.2; H, 4.9? N, I 5 . I .  C^gH^gN^O^ requires  C , / ^ . 4 ;  H, 4*9?
N, 15 . 1$ ) .  (
;
2-fl-[3-(l-M 9thox.yeth ,y l)-4-P .yrid .y l]eth .y lj-3-n itro-5-am inoin dole (8 8 ) .
A s o lu t io n  of (87 ) (lOOmg) in  e thano l was hydrogenated a t  
70 p .B . i .  over Adam's c a t a l y s t  during  4h. Removal of th e  c a t a l y s t  
and so lven t fu rn ished  a gum which s o l i d i f i e d  on t r i t u r a t i o n  w ith  
e th e r .  C r y s t a l l i z a t i o n  from aqueous e th an o l gave (88) as  small 
yellow prisms ( y ie ld  21$), m.p. 258- 6O ( d e c . ) ,  m/e 340 (M^), 276,
262 (Base) and 248 , ca .  3410 and 3320 (NH^), I 63O (N=C),
1590cm~l, ( O  224 ( 2450) ,  258 ( 1220) ,  265sh ( I I 30) ,  305(5670), 
365( 7700) ,  ^[(CD^)gSO] (F ig .  25) 1.4  (3H, d, J  7 Hz, CH(OMe)CH^),
1.65  and 1.70  (3H, 2 x d J  7 Hz CH^C), 3 .05 and 3.15 (3H, 2 x s ,  OMe),
4 .8  b r  (IH, q, J  7 Hz . CH(OMe)CH^), 5.35 b r  (IH, q, J  7 Hz, CHCH^),
6.65  b r( lH , d , 8 Hz, 6 -  H), 6.9  (IH, 2 x d, J  6 Hz, 5*-H),
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7.24 (IH, d , J  8 Hz, 7-H), 7.28  (IH, s , 4-H), 8 .35  (IH, d , 6 '-H ) 
and 8.55 (IH, s ,  2 ‘-H ).  (Found: C, 63 . 4 ; H, 5.9? H, 1 6 .4 .
^18^ 20^ 4*^ 3 ^®Huires C, 63 . 5? H, 5.9? N, 16 . 5$ ) .
5-Amino^2-{l- [3-( l-methoxyeth.yl)-4-P.vrid.yl]ethyl}indole (8 9)
Reduction of the  indo linones  ( 78) and (79) w ith  sodium 
horohydride in  b o i l in g  e th an o l followed by ac id  trea tm en t gave, )n 
work-up, a small amount of an almost c o lo u r le s s  so l id  m/e 295 ,
248 ( b a s e ) ,  and 233 , which on a c é ty la t io n  a ffo rd ed  ( lO l)  (see  l a t e r ) ,
2 - f 1- [3 - ( l -M e th o x y e th y l ) -4 -p y r id y l ]e th y l id e n e l - 5 -n i t ro -  
in d o l in - 3 - o l  (9 0 ) .
The ind o lin o n es  ( 78) and (79) (500mg) in 95$ e thano l (50ml) 
were t r e a t e d  w ith  sodium horohydride in p o r t io n s  a t  room tem p e ra tu re .  
A f te r  15 min. the  so lv en t  was evaporated  o f f  and the  re s id u e  
p a r t i t io n e d  between chloroform and w ater .  C oncen tra tion  1 
of the  chloroform la y e r  a ffo rd ed  a red gum which when t r i t u r a t e d  w ith  
e th e r  gave an orange s o l i d .  T h is  when r e c r y s t a l l i z e d  from e thano l 
provided deep red c r y s t a l s  (7 6mg) ,  m.p. 194- 195° (subsequent crops 
from the  mother l iq u o r  were yellow and melted in the range 145-155°);
m/e 341 (v .w eak), 323, 307, 292 ( b a s e ) ,  and 278, ca .  3320,
1620, 1510, 1320 and l l 80c m ~ ^ ,X ^ ^  254 (G 8950) and 410 (15,400) nm, 
SKCD^)2S0] 1.40  (3H, d, J  6 Hz, CH.CH^), 2 .0  (3H, s ,  CH^), 3 .2  
(3H, s ,  OMe), 4 .5  (IH, q, J  6 Hz, CH.CH^), 5 .6  ( IH, 3 , C(0H)H ) ,  6.8
(IH, d, J  7 Hz, 5 ’-H); 7.25  (IH, d, J  8 Hz, 7-H), 8 .0  (IH, d, J  2 Hz,
4-H), 8.15  (IH, 2 X d, J  7 and 2 Hz, 6-H), 8 .45  (IH, d, J  7 Hz,
6*-H), 8 .6  (IH, 8, 2 ' - I l ) ,  and 9.75 (IH, s ,  NH) (an  a d d i t io n a l  peak, 
probably due to  OH p lus  w ater  i s  observed a t  % 3*1). This  m a te r ia l  
could no t be d r ie d  (see  l a t e r )  and c o n s is te n t  a n a ly t i c a l  f ig u r e s  were 
not ob ta in ed .
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2 - { l - [ 3 - (  1-Met hoxyet h.y 1 ) -4-P.yrid y l ]v inylV 5-n it roindo 1 e ( 91)
A so lu t io n  of the  a lco h o l ( 90) (50mg) in  dry  benzene was heated  
in  a  D ean-Stark appara tu s  f o r  12h. Removal of the  so lv en t  and 
c r y s t a l l i z a t i o n  of the  re s id u e  from aqueous e th an o l gave ( 91) 
as  yellow prisms ( 22mg, 46 . 5$ ) ,  m.p, 239° ,  g /g» 323, 291 ( b a s e ) ,  and 
276 , v> l 620sh , 1610, 1592 , 1515, 1330 and 1110 cm"^, X  288sh 
( e  36 , 800) ,  293( 37 , 800) ,  310sh ( 13 , 070) ,  and 341(9950) nm., i  (CDCl^) 
(P ig .  26), 1 .3  (3H, d, J  6 Hz, CH.CH^), 3 .0  (3H, s ,  OMe), 4.35 
(IH, q , J  6 Hz, CH.CH^), 5 .3  and 6 .2  (2H, 2 x s ,  0=0^ 2 ) ,  6.21 (IH, 
s ,  3-H), 7 .25  (IH , d , J  5 Hz, 5 ’-H ), 7 .5  (IH, d, J  9 Hz, 7-H), 8 .0  
(IH, 2 X d, J  9 and 2 Hz, 6-H ), 8 .45  (IH, d , J  2 Hz, 4-H), 8 .55  
(IH , d , J  5 Hz, 6 ' -H ) ,  and 8 .7  (IH, s ,  2 '-H ) (Pound: /C , 67 . 2 ;
H, 5 .3 ; N, 12 .7 ; C^gH^^ü^O^ re q u i r e s  C, 66 . 9 ; H , /5 .3 ;  N, 1 3 .0 $ ) .
5 -A cetam ido-l-ace t.y lindo l-3-.y l A ceta te  (93) ^
(a )  l - A c e ty l - 5 - n i t r o in d o l - 3 - y l  a c e ta te  ( 200mg) in a c e t ic  ac id  
( 70ml) and a c e t i c  anhydride ( 10ml) was hydrogenated a t  room 
tem perature  and atm ospheric  p re s su re ,  over Adams c a ta ly s t  f o r  2h. 
F i l t r a t i o n  and evaporation  gave l - a c e ty l -5 -a c e ta m id o in d o l in e  
( 94 , R=Ac) as a pale  yellow s o l id  ( 8 lmg, 48 . 7$ ) ,  m.p. 213-215°
(from e th an o l)  m/e 218, I 76 and 133 (b a s e ) ,  I 690 (NAc),
l640(KHAo), 1600 , 1537 and 3300ora~^ (NH), X  275 ( e  25 ,500 ) , 
278( 25 . 300) ,  297s h ( l 2 , 300) ,  and 310sh (7840) nm, S (CDCl ) 2 .1  
(3H, s ,  NHAc), 2 .2  (3H, s ,  KAx),3-1 (2H ,t ,  8 Hz, 3-Hg), 4 .0
(2H, t ,  Jg  8 Hz, 2-Hg), 7 .0  (IH, d , g 8 Hz, 5-H), 7 .4  (IH,
8 , NH), 7 .7  (IH, d , 2 Hz, 4-H), and 8 .1  (IH, 2 x d, Jg  ^ 8,
Jg  ^ 2 Hz 6-H) (Found: C, 66.1; H, 6 .4 ;  N, 1 2 .8 .  C^2'*14” 2°2 
r e q u i r e s  C, 66.0; H, 6 .5 ;  N, 1 2 .8 ^ ) ,
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(b) R e p e t i t io n  of experiment (a )  but w ithout a c e t i c  anhydride gave 
c o lo u r le s s  prisms of l -a c e ty l -^ -a m in o in d o l in e  (94 , R=H) (35$ ) , 
m.p. 165- 167° (from benzene), m/e I 76 , 134, and 133 (b a se ) ,
1625 (CO) and 1590 om"^, A ^ 2?2 (C 15,800) and 310sh 
( 3870) nm, S (CDCl^), 2 .1  (3H, s ,  N ^ ) ,  3.05 (2H, t ,  ^ Hz,
3-Hg), 3 .3 h r  (2H, s ,  M ^ ) ,  3.95 (2H, t ,  ^ 8 Hz, 2-Hg), 6 .45 (IH,
2 X d, 8 , 2 Hz, 6-H), 6 .50 (IH, d , ^ 2 Hz, 4-H), and
8 ,0  (IH, d ,  8 Hz, 7-H) (Pound: C, 68 .0 ; H, 6 .9 ; N, 15 .9 .
^10^12^2^ r e q u i r e s  C, 68.2; H, 6 .9 ; N, 1 5 .9 $ ) .
(c )  Hydrogenation of ( 69) (l30mg) in  dimethylformamide (30ml)
and a c e t i c  anhydride (l5m l) over 5$ palladium -carbon during 3h gave,
a f t e r  work-up, a dark coloured s o l id .  T h is  was e x t ra c te d  w ith  hot
/
e th an o l;  the  e x t r a c t  was f i l t e r e d  and evaporated  to  g ive
/
5-N -acetoxyacetam ldo-1-acety l i n d o l - 3 - y l  a c e ta te  (95) (40mg, 2 4 .4$ ) ,
J
m.p. 141- 142° (from e th a n o l ) ,  m/e 332, 290 , 274 , 232, 230, I 90 , and
148 (b a s e ) ,  1785 (NOAc), I 76O, I 686 (CO), and 1195 cm~^ (CO)
[PhNAc(OAc) shows )} 1795, I 684, and ll86cm ^ 1 A 246max  ^ max
(e  25 , 000) ,  301 ( 4330) ,  and 308sh (4220) nm, $ (CDCl.) 2 .05 (3H, s ,  
N^c), 2 .2  (3H, s ,  N ^ ) ,  2 .35 (3H, s , OAc), 2 .60  (3H, s ,  0 ^ )  7 .5  
(IH, 2 X d, J 9 and 2 Hz, 6-h). 7.7 (IH, d, J  2 Hz, 4-H), 7 .3  (IH, 
s ,  2-Il), and 8 .55  (IH, d, J 9 Hz, 7-H_) (Found: C, 57.8; H, 5*1?
N, 8 , 3 , C^^H^gNgO^ re q u i r e s  C, 57*8; H, 4 .85 ; N, 8 , 4$ ) .
(d) Reduction o f ( 69) a s  in  (c )  but in dimethylformamide alone- and 
f o r  12h. gave on work up, a gum. This was t r e a te d  w ith  a c e t i c  
anhydride; removal of the  reagen t l e f t  a so l id  which p a r t ly  
d is so lv ed  in hot e th a n o l .  The red re s id u e  was c h a ra c te r iz e d  as
139
1 , 1*- d i a c e t y l - 3 , 5*-az o in d o le -3 > 3*- d i y l  d i a c e t a t e  (97) (lOOmg, 3*7$), 
m ic r o - c r y s ta l s ,  m.p. 268- 270° (from ch loroform ), m/e 460 , 418 , 376,
174 and 132 ( b a s e ) ,  9  max ^^^O (OAc), I 7OO (NAc), and 1200cm""^ (CO),
A njgjc 2458b (£22 , 800) ,  255 ( 23 , 700) ,  288 ( 2560) ,  and 298sh ( l 8 , 700) nm 
S (OF -COgH) 2.60  (6H, s , 2 X NAc), 2.90  (6H, s , 2 z  0 ^ ) ,  8.20  
(2H, s, 2- and 2 '-H ) ,  8 .4  (2H, 2 x d, J  10 and 2 Hz, 6- and 6»-H),
8 .6 0  (2H, d , J  2 Hz, 4 -  and 4 ’-H ), and 8 .9  (2H, d , j J  10 Hz, 7- and
7'-%H) (Pound: C, 62.5; H, 4*4; N, 12 .1 . ^24^20^4*^6 r®Suires
G, 62. 6; H, 4 .4 ;  N, 1 2 .2 $ ) .
On c o n ce n tra t io n  of the  e th a n o l ic  e x t r a c t  the  acetam ido-
d e r iv a t iv e  (93) c r y s t a l l i s e d ,  g iv in g  n eed le s  ( l . 4 g .  67$ ) ,
m.p. 221- 223 , m/e 274, 232 and I 90 (b a s e ) ,  9 ^ ^  3300 (NH), 1750(0Ac),
1710 (NAc), 1660 (NHAc), and 1210 cm"^ (CO), X  ,2^ 47 (6  20 ,900 ),max/
300 ( 4120) ,  and 305 ( 4000) nm, ^ (CDCl^) 2.1 (3H, s ,  N H ^ ) ,  2 .35 
(3H, s ,  NAp), 2.55  (3H, 8, O^o), 7 .4  (IH, 2 x d, J  8 and 2 Hz, 6-H), 
7 .75  (IH, s , 2-H), 8 .1  (IH, d, £ 2  Hz 4-H), and 8 .45 (IH, d , 8 - 
Hz, 7-H) (Pound: C, 61.3; H, 5 .3 ;  N, 10 .0 .  C^^H^^NgO^ re q u i r e s  
c, 61 . 3 ; H, 5 .1 ;  N, 10 .2 $ ) .
F u r th e r  co n ce n tra t io n  of the  mother l iq u o r  from which the 
amide (93) sep a ra ted  gave 5 -ace ta m id o - l -a ce ty l in d o x y l  ( 98) ( 255mg, 
14 . 4$ ) ,  m.p. 246- 247° (from e th a n o l ) ,  9 ^ ^  1725(NAc), 1690(C0), and 
I645cm"l (NHAc), A ^az  ^49 (& 27 ,500), 269sh (17 ,7 0 0 ) ,  278(21,500), 
286sh ( 16 , 800) ,  and 368( 3840) nm, S[(CD^)2S0 ] 2 .05 (3H, s ,  N H ^ ) ,
2 .2  (3H, s ,  NAc), 2 .5  (2H, s ,  2-Hg), 7 .7  (IH, 2 x d , J  8 and 2 Hz,
6 -h ) ,  8 .0  (IH , d, J  2 Hz, 4-H), 8 .3  (IH, d, 8 Hz, 7-H), and
lO . lb r  (IH, s ,  NH) (Pound: C, 61.95; H, 5 .2 ;  N, 12 .1 .
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^12^12^2^3 z ^ s u i r e s  C, 62.1; H, 5 .2 ;  N, 1 2 .1 ^ ) .
(E)-5-Acetamido-2-% l- [3-( l-raethoxyethyl )-4-P.yridyl ]etfayl~ 
id e n e j in d o l in - 3--on9 (99)»
To a m ixture  o f  the  indoxyl ( 93) (2g) and the  ketone ( 59)
(1  mol. e q u iv .)  in  methanol ( 60ml) under n i t ro g e n  was added 
potassium hydroxide ( l 5 . 6g) in w ater (60m l). The m ixture was then 
sea led  up and l e f t  f o r  7 days, and the product was then f i l t e r e d  
o f f  under n i t ro g e n ;  y ie ld  0 . 7g. ( 27 .8^ ) ,  m.p. 232- 234° ,  m/e 351,
304 ( b a s e ) ,  292 and 262, ^  16?3 (CO), I 63O (NAc), and 1605 cm-1
(C=C), X 269 (e  22 , 100) ,  290sh ( 14, 500) ,  and 488 (3440) nm, 
max
&KCDj)gSO](Pig. 19) 1 .2  and 1 .3  (3H, 2 x d , J  7 Hz, CH.CH ) ,  2 .1  
and 2.15 (3H, 2 x 8 ,  C.CH-), 3«0 and 3 .1  (3H, 2 x sy 'oUe),  4*3 
(IH, q, J  7 Hz, CH.CH^), 7 .05 (IH, d , J  8 Hz, 7-H)^ 7.1  (IH, d , J  5 
Hz 5 '-H ) ,  7 .65  (IH, 2 X d , J  8 and 2 Hz, 6-H ), 7 .75 (IH, d , ' J  2 Hz,
4-H), 8 .5  (IH, d, J  5 Hz, 6 ' -H ) ,  8 .65  (IH, s ,  2 ’-J i) ,  9 .4 b r  (IH, s ,  
m ) t  and 9 .9 b r  (IH, s , NHAc) (Pound* C, 68.1; H, 5.95; N, 1 1 .9 .
^20^21^3*^3 C, 68. 4 ; H, 6 . 0 ; N, 1 2 .0 ^ ) .  In  o th e r
experim ents an e x t r a c t iv e  work-up r a th e r  than  f i l t r a t i o n  was 
employed; in  such cases  a mixture of Ej- and isomers was i s o la te d
which were no t sepa ra ted  b u t  used d i r e c t l y .
5 -A cetam ido-2 -(l-  [3-( l-methox.yeth,yl)-4~p.yridyl] e th y l )  indo le  ( lO l)  
The indo linone  mixture (95) and isomer was reduced w ith  
sodium borohydride in boiling e thano l and the  product d is so lv e d  
in  methanol and t r e a te d  w ith  hydrogen c h lo r id e .  Evaporation  and 
c r y s t a l l i z a t i o n  of the  re s id u e  from acetone and petroleum ( b .p .  60- 80°)
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a ffo rd ed  ( lO l)  as  prisms ( 66^ ) ,  m.p. 222-223°, m/_e 337, 308 and 291 
(b a s e ) ,  9  3220 (NH), 1660 (NAc), 1590 and 1545cm"^, X max
243 (£ 31 , 200) ,  301 ( 9OOO), and 311 ( 8300) nm, Sl(00^ )380]
(F ig .  27) 1.3  and 1.35 [3H, 2 x d, J  7 Hz, CH(OMe).CH ] ,  1 .6
(3H, d, £ 7  Hz, CH.Œ ) ,  2 .0  (3H, s , K H ^ ) , 3 .O8 and 3.12 (3H,
2 X 8 ,  0 ^ ) ,  4 .6  (IH, q, J 7 Hz, CH.CH^), 4 .8  { IH, q, J  7 Hz, 
CH(OMe).aH^), 6.15  (IH, s ,  3-H), ca . 7 .2  (3H, m, 6 - ,  7 - ,  and 
5 ‘-H ), 7.7  (IH, d , J  2 Hz, 4-H), 8 .4  (IH, d , J 5 Hz, 6»-H), 8 .5  
(IH, s, 2 ' -H ) ,  9 .65  (IH, 8, m ) ,  and 10.7 (IH, s ,  NHAc) {Pound;
C, 71 .0 ; H, 6 .8 ; N, 1 2 .4 . ^20^23^3*^2 r e q u i r e s  C, 71.2; H, 6 .9 ;
N, 12 .452).
9 -A m in o e ll ip t ic in e  ( 9 -A m in o -5 ,l l-d im e th y lp y r id o [4 ,3 -b ]-  
carbazo le  ( 92 )
The indo le  ( lO l)  (I40mg) in  aqueous 6o2 hydrobromic ac id
(4  ml) was heated  under r e f lu x  f o r  iBh. The yellow product was
*
then f i l t e r e d  o f f ,  d is so lv ed  in w a te r ,  b a s i f i e d  w ith  sodium 
hydrogencarbonate , and e x tra c te d  w ith  e th y l  a c e t a t e .  The so lv en t  
was removed and the  re s id u e  was c r y s t a l l i z e d  from benzene to  g ive 
9 -a m in o e l l ip t ic in e  benzene so lv a te  ( 63mg) as  yellow prisms, 
m.p. 255- 260° (decom p.), m/je 26l (b a s e ) ,  3125 (NH), I 615 , and
1595 ^53 ( £  12 , 600) ,  283( 36 , 800) ,  297 . 5( 42 , 500) ,
341(6370), 358sh(4150), and 420(3240)nm, S(CBC1,) (P ig .  28) ,
2 .7  (3H, s ,  5-Me), 3 .2  (3H, s , 1 1 - f e ) ,  4 .8 b r  (2H, s ,  M  ) ,  6 .9  
(IH, d , J  8 Hz, 8-H), 7 .3  (IH , d , J  8 Hz, 7-H), 7.65 (IH, e , 10-H),
7 .8  (IH, d , J 6 Hz, 4-H), 8 .35 (IH, d , . J  6 Hz, 3-H), 9 .6  (IH, s ,  1-H), 
and 10.8 (IH, s ,  HH) [Pound (sample d r ie d  a t  100° f o r  10b under high 
vacuum): C, 78 .0 ; H, 5 .7 ;  N, I 6 . I .  C^^H.,j.N.  ^ r e q u i re s  C, 78 .1 ;
H, 5 . 8 ; N, 16.123.
* G a s i f ic a t io n  of the  f i l t r a t e  followed by chloroform e x t r a c t io n  
fu rn ished  e l l i p t i c i n e  (21mg) m.p. 309-312® ( l i t^  311-315).
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3 -A cety le thy lene  a c e ta l  p y rid in e  ( 106) .
3 -A ce ty lpy rid ine  ( l l g )  was heated w ith  a s o lu t io n  of ^ - to lu e n e  
Bulphonic ac id  ( l . l  molar e q u iv a le n ts )  in  e th y len e  g ly c o l  (25ml) 
and dry benzene (400ml) in  a Dean S ta rk  appara tu s  f o r  8h. The 
m ixture was then  cooled , separa ted  and the  lower e thy lene  g ly c o l  
la y e r  d i lu te d  ( ic e  w ater) b a s i f i e d  (Na^CO^) and e x tra c te d  w ith  
CHCl^ to  g ive  (1 0 6 ) .  A f u r th e r  q u a n t i ty  was obta ined  from the 
benzene la y e r  a f t e r  washing w ith  sodium carbonate  so lu t io n  d ry ing  
and ev ap o ra t in g .  D i s t i l l a t i o n  a t  6.5mm/122° a ffo rded  (1 0 6 ) .
Yield 942. m/e I 65 (M+).
Attempted Wibaut-Arens r e d u c t iv e  a c é ty la t io n  of (IO6 )
The a c e ta l  (IO6 ) (8*4g) was t r e a te d  w ith  z in c  a n d /a c e t ic  
anhydride as  p rev io u s ly  d esc rib ed  y ie ld in g  a v is c o u ^ o ra n g e  o i l
Heating t h i s  m a te r ia l  in  methanol fu rn ish ed  s t a r t i n g  a ç e ta l  
( 106) (6g) and a complex orange gum which was unaffec ted  by prolonged 
therm al d eg ra d a t io n .
3 -A cety le thy lene  a c e ta l  p y r id in e - l -o x id e  ( I 07 )
3 -A c e ty lp y r id in e - l -o x id e  (4 .9g )  was rea c te d  w ith  e thy lene
g ly c o l  as  p rev io u s ly  d esc rib ed  f o r  the  p re p a ra t io n  of ( I 06 ) .  The 
combined y ie ld s  were d i s t i l l e d ,  o i l  ba th  tem peratu re  200-230°, to  
g ive  a c o lo u r le s s  o i l  which slowly c r y s t a l l i z e d  as  a hygroscopic  
s o l id  w ith  an in d e f in i t e  m.p. 9  2980 , 2880 , 1030cm ^
S(CDC1 ) 3.95  (4H, m, OCHgCHgO), I .65  (3%, s ,  CÇH ) .
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The hydroch lo ride  s a l t  of t h i s  compound was prepared by 
trea tm en t w ith  chloroform s a tu ra te d  w ith  hydrogen ch lo r id e  
followed by removal of the  s o lv e n t .
R eaction o f (107) w ith  phosphorus o x y ch lo r id e .
The hydroch lo ride  s a l t  of 107 (1 .66g) was heated w ith  phosphorus 
oxychloride  ( 6cc) a t  120° f o r  2h. A f te r  co o lin g ,  the  s o lu t io n  was 
poured onto 2N aqueous potassium  carbonate  s o lu t io n  and ic e ;  e th e r  
e x t r a c t io n  then  a ffo rded  an o i l  ( l . 48g) which p a r t i a l l y  c r y s t a l l i z e d  
on s tan d in g .  A mass spectrum of t h i s  product showed a m o lecu lar  
ion c l u s t e r  m/e 217/ 219/221 (C^H^NOClg) presumed to  be due to  compound 
( n o ) ,  a group of ions corresponding  to  C^H j^^^NO^Cl, probably ( 108, X * Cl, 
Y = H), and ( l 08 , X = H, Y = Cl) and a f u r t h e r  c lu s t e r  m/e 411/413/415 
(C21H12N3CI3 ) due to the  t e t r a c y c l e  ( 109) .  /
The o i l  was warmed w ith  6N h y droch lo ric  acid  in a w a te r -b a th  fo r
*
10 min. and the  so lu t io n  then e x tra c te d  w ith  chloroform • The organic  
phase was washed w ith  52 sodium carbonate s o lu t io n ,  d r ie d  and evaporated 
to  g ive  a n o i l  which c r y s t a l l i z e d  on t r i t u r a t i o n  w ith  e th e r  a f fo rd in g -  
( 109) as  pale yellow p la te s  ( 80mg), m.p. 264- 6° (a c e to n e ) ,  l^max
* The aqueous phase was b a s i f i e d  and e x tra c te d  w ith  chloroform  to  give 
an o i l  (30mg); the  H*n.m.r. spectrum of which showed i t  to  be 3 -a c e ty l -
2 -c h lo ro p y r id in e ,  (CDC1^)8.50 (IH m, 6-H ), 7.92  (iH m, 5-H), 7.35 
(IH m, 4-H), 2.70  (3# 8 COŒ^), contaminated w ith  ca 52 of the
6-c h lo ro iso m e r .  Assignment of t h i s  l a t t e r  s t r u c tu r e  r e s t s  upon the  
f a c t  t h a t  only one *  -p y r id in e  proton s ig n a l  i s  observed ( 8 .95  d, J= 2Hz)
the remainder of the  spectrum i s  d i f f i c u l t  to  ass ig n  because of the  low 
In te n s i ty  of th e  s ig n a l s ,  a p a r t  from th a t  due to  the  a c e ty l  p ro tons  
which appear a s  a s i n g l e t  ( S 2 .6 2 ) .
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1600, 1580, 1560, 1205cm"’-, X  ( t )  257(39.640), 278sh (25,28o)nm.,
max
S (CDCl^) (P ig .  20), 8 .7  (3H d, J  » 2 Hz, 3 X 6 -  H), 7-95 (3H 2 x d,
J  = 8 Hz, 2 Hz, 3 X 4 -  H), 7*75 (3H s ,  benzenoid p ro to n s ) ,
7*5 (3H d ,_ J  = 8 Hz, 3 X 5 -  H) [Pound: C, 6l.O; H, 3 .0 ;  N, 10.1
^21^12^3*^^3 fG Suires: C, 6 l . l ;  N, 2 .9 ; C, 1 0 .2 # .]
4 -C b lo ro n ic o t in ic  ac id
4 -C h lo ro -3 -p ic o l in e  ( l 3 g ) ,  prepared by t r e a t i n g  the  N-oxlde 
97of 3 -p ic o l in e  w ith  phosphorus oxychloride  was d is so lv ed  in  w ater
(500ml) and potassium  permanganate (43g) added. A f te r  h e a t in g
under r e f lu x  f o r  2 h . ,  the  manganese d iox ide  which had formed was
f i l t e r e d  o f f  and the  f i l t r a t e  reduced to  200ml and then a c id i f i e d
w ith  co n cen tra ted  h y d ro ch lo r ic  a c id .  The crude product was c o l le c te d
/  100
and c r y s t a l l i z e d  from w a te r .  Yield 4^2 m.p. 166-7 ( l i t ,  ^
Action of d im ethyl cadmium upon the acid  c h lo r id e  of 4 - c h lo ro n ic o t in ic  
a c id .  4 -C h lo ro n ic o t in ic  ac id  (5 .3 g )  was heated  under r e f lu x  w ith  
th io n y l  c h lo r id e  (80cc) f o r  3h. Excess reqgen t was then d i s t i l l e d  
and l a s t  t r a c e s  removed by the  a d d i t io n  of benzene and evap o ra tio n  under 
reduced p re s s u re .  The re s id u e  was covered w ith  dry e th e r  and t r e a te d  
w ith  dry t r i e th y la m in e ,  a f t e r  s t i r r i n g  f o r  lOh. the  p r e c i p i t a t e  of 
t r ie th y la m in e  hydroch lo ride  which formed was removed and the  f i l t r a t e  
r e a c te d  a t  room tem perature  w ith  an excess of dimethyl cadmium in  e th e r .  
The r e a c t io n  m ixture was then heated under r e f lu x  f o r  a f u r t h e r  3h.
A f te r  co o lin g , 152 aqueous s o lu t io n  of ammonium c h lo r id e  was added 
to  decompose the  complex and excess d im ethyl cadmium, the  e th e r  la y e r
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separa ted  and the  aqueous phase e x tra c te d  w ith  e th e r .  The e th e r
la y e r s  were th en  combined, washed w ith  sodium carbonate  so lu t io n
d r ie d  and evap o ra ted  to  g ive  an orange gum. This  was d is so lv e d  in 
*
chloroform and e x tra c te d  w ith  2N. su lp h u r ic  a c id .  The ac id  e x t r a c t  
was then  b a s i f i e d  to  y ie ld  4 -ch lo ro -N ,L -d ie th y ln ico tin am id e  (144), as  
an o i l  (400mg) m/e 212/214 {H*), 9  l635om~’ % (CDCl ) 1.08
(3H, t ,  J  = 7Hz, CHgCH^), 1 .26  (3H t ,  J  -  7Hz, CHgCH ) ,  3 .14 (2H q,
J  = 7 Hz, CHgCHj). 3 .60 (2H q , J  = 7 Hz, CHgCH^), 7.35 (IH d ,  J  -  5 Hz, 
5 -  H), 8 .45  (IH s ,  2 -  H), 8 .50  (IH d , J  = 5 Hz, 6 -  H). The o i l  
decomposed when a ttem p ts  were made to  d i s t i l l  i t .
* The chloroform  la y e r  was d r ie d  aind evaporated  to  grve a yellow
/
s o l id  ( 112) which c r y s t a l l i z e d  on t r i t u r a t i o n  w ith  ace tone :
I
yellow p l a t e s ,  m.p. 239-41° (a c e to n e )  m/e 294/ 296/ 298 , y 3l 60 , 
1580, 1105, 1010 cm"^ S (CP COgH) (P ig .  29) 9*42 (2H d, J  = 2 Hz,
2 -  H, 2»-H), 9.16  (2H 2 X d, J  = 8 Hz; J  « 2 Hz, 6 - H ,  6 ' -  10,
V
8 .2  (2H d, J  = 8 Hz, 5 -  H, 5' -  H), 7 .34  (IH s ,  =CH-) [Pound:
C, 53.0; H, 3 .0 ;  N, 9 . 4 . C^^HgNgO^Clg r e q u i r e s  0, 52.9;
H, 2 .7 ;  H, 9 .5
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3 , 3-Dlmet h y l - ( p y r id o [ 3 ,4 - c ] ) f uran-2-one (1 2 2 ) .  Cinchomeronic aoid 
(3 .8g )  was t r e a t e d  w ith  th ionyl c h lo r id e  ( 20cc) and dimethylformamide 
(2 g .)  and the  m ixture heated under r e f lu x  f o r  2^h. A fte r  s tand ing  
a t  room tem peratu re  o v e rn ig h t ,  so lv en t  and reag en t  were removed and 
the  re s id u e  t r e a t e d  w ith  a f iv e  fo ld  excess  o f  dimethyl cadmium in 
e th e r .  Benzene was then in tro d u ced , the  e th e r  d i s t i l l e d  o f f  and the 
r e a c t io n  m ixture  held a t  36- 38° f o r  3&h. On co o ling , a s o lu t io n  of 
ammonium c h lo r id e  (20g) in w ater  (lOOcc) and conc. h y d ro ch lo r ic  
a c id  ( 20cc) were added slowly; the  aqueous l a y e r  was then sep a ra te d ,  
b a s i f ie d  w ith  sodium carbonate  and e x tra c te d  w ith  chloroform .
Removal of the  chloroform y ie ld e d  crude (122) as  a  red o i l  which 
g ra d u a l ly  c r y s t a l l i z e d  on t r i t u r a t i o n  w ith  e th e r .  The product 
( 200mg) r e c r y s t a l l i z e d  from e th e r  as yellow n eed le s  m.p,. 152- 5°
( l i t . 160- 1° ) .  9 jj ,ax  1760, 1608, 1300, 1040cm“ V ^  (CDCl,)
9 .10  (IH s ,  2-H), 8 .84  (IH d ,  J  = 6 Hz, 6 -  H), 7 .40 (iH d, J  = 6 Hz,
5 -  H), 1.65  (6H 8, C(CH^)g) [Found: C, 66.0; H, 5*7; c a l c ,  f o r  
Cq H NOg: C, 66.2; H, 5 .62 3
Cinchomeronamide
Dimethylcinchoraeronate (6 .6 g )  in methanol ( 100ml) was cooled 
in  ice  and s a tu r a te d  w ith  ammonia g a s .  A f te r  3 days a t  0°, the  
so lv en t  was p a r t i a l l y  evaporated  causing c r y s t a l l i z a t i o n  of 
cinohomeronoaraide (962 y i e l d )  m.p. 150-170° ( r e s o l i d i f i e d  and f i n a l l y  
rem e lts  a t  226 -7°) .  ( l i t . ^ ^ ^ ,  175-176° and 226-7°) m/e I 65 (M**") and
148 (b a s e ) .
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3 , 4-D lcyanopyrld  ine 
P^£P^ratj^on
A s t i r r e d  suspension of oinohomeronaraide (3g) in  dry dimethylformaraide 
( 30ml) was t r e a t e d  w ith  phosphoryl ch lo r id e  ( 5ml) and a f t e r  the 
i n i t i a l  r e a c t io n  had subsided the  mixture was heated  on a steam 
b a th  f o r  3 min* The dark coloured m ixture was poured onto i c e ,  
g a s i f i e d  w ith  ammonium hydroxide ( 0 . 880) and e x tra c te d  w ith  e th e r .  
Evaporation  of the  d r ie d  o rgan ic  phase gave 3 ,4 -d icy an o p y rid in e  
( y i e ld  982) m.p. 8 0 - l°  ( p e t r o l  60-80°) m/e 129 (wf, Base)
cmand 102, 2220 (C 2 H)
R eaction w ith  methyl magnesium bromide.
3 ,4-D icyanopyrid ine  (2g) d is so lv e d  in  dry  te t ra h y d ro fu ra n  (THF) 
( 40ml) was t r e a t e d  dropwise w ith  methyl magnesium bromide (5  mole
e q u iv .)  a lso  d is so lv ed  in  THF. The heterogeneous mixture was s t i r r e d
)
f o r  8h a t  33° and then  evapo ra ted . H ydroch loric  acid  (50ml o f  a 
52 aqueous s o lu t io n )  was added and the  m ixture  s t i r r e d  a t  room 
tem perature  f o r  12h. B a s i f i c a t io n  (Na^CO^) and e x t r a c t io n  w ith  
chloroform fu rn ish ed  an i n t r a c t i b l e  t a r .
R eaction  of ( l l 6 , R -  Me) w ith  e th y l  a c e ta te
Dimethyl cinchoraeronate ( 6g) and e th y l  a c e ta te  ( l2 g )  were added 
to  so lven t f r e e  sodium methoxide (from 2.2g Na) s t i r r e d  f o r  Ih .  then 
heated under r e f lu x  f o r  lOh. A f te r  a f u r th e r  5b a t  room tem pera tu re , 
w ater  (75ml) was added and the  so lu t io n  washed w ith  e th e r .  D issolved 
e th e r  was removed from the  aqueous phase by h ea t in g  and then  the  
s o lu t io n  was a c id i f i e d  w ith  concen tra ted  hy d ro ch lo ric  a c id  ( 50m l).
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A fte r  h ea tin g  under r e f lu x  f o r  2-g-h the  b lack  heterogeneous m ixture 
was cooled, b a s i f i e d  and e x tra c te d  w ith chloroform . E vapora tion  
of the  d r ie d  o rgan ic  phase gave a gum which was composed of a 
number of compounds (TLC).
Reaction of sodium cyanide w ith  3-acet.yl-l-ethox.yp.yridinium su lp h a te .
3 -A ce ty lpy rid ine  1-oxide ( ig )  was heated  w ith  d ie th y l  su lpha te  
( l  mole e q u iv a le n t)  during  2^h. The product in w ater (3ml) was added 
dropwise to  potassium cyanide (1 .5  molar e q u iv a le n ts )  in  w a te r  (5ml) 
a t  45° in 15min. and the  r e a c t io n  m ixture  s t i r r e d  f o r  an o th er  J h .  
then e x tra c te d  w ith  w ater and chloroform . Evapora tion  o f  the  d r ie d  
o rgan ic  phase fu rn ish ed  a multi-component red-brown gum.
3-A cety1-4-cyan0 - 1 ,4-d i hyd ro -1 -benzy l pyrid  ine (12?)
3-Acety1-1-benzyl pyridinium  bromide (3g) in w ater (80cc) was 
added dropwise in  30 min. to  a v ig o ro u s ly  s t i r r e d  s o lu t io n  of 
potassium cyanide (5«8g) in  w ater (2 0 cc ) .  A f te r  a f u r th e r  30min, 
the  yellow s o l id  which had formed was c o l le c te d  by f i l t r a t i o n ,  and 
c r y s t a l l i z e d  from e th a n o l .  Y ie ld  79*52 m.p. 111-12° ( l i t . ^ ^ ^ ^ ^ \  
114-15°).
Attempted a ro m a tiza t io n  of (127)»
(a )  C a ta ] j / t ic  de^drog£natj^on
A s o lu t io n  of (127) ( 200mg) in benzene was heated to  r e f lu x  in 
the  presence of 52 palladium  on carbon f o r  12h. E x t ra c t io n  w ith  
d i l u t e  h y d ro ch lo r ic  a c id ,  b a s i f i c a t i o n  and r e - e x t r a c t i o n  w ith  
chloroform gave a gum (4 .3m g). The organ ic  phase was d r ie d  and 
evaporated to  g ive  crude s t a r t i n g  m a te r ia l .  R e p e t i t io n  of th e  above 
procedure us ing  e i t h e r  mj-xylene or n itro b en zen e  in s tead  of benzene 
gave s im i la r  r e s u l t s .
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w ith  th io n y l  c h lo r id e
Thionyl ch lo r id e  ( 3 0no l. e q u iv .)  was added dropwise over 
30 min. to  a s t i r r e d  s o lu t io n  o f  (127) ( l 40mg) in  benzene m ain tained  
a t  35-40°. A gum c o l le c te d  on the  s id e s  of the  f l a s k  from which 
the  so lv en t  was decanted,TLC a n a ly s is  of t h i s  product suggest i t  to  
oe a complex m ix tu re .
wii^h__iod^n2
Iodine  (6l5mg) d is so lv e d  in ethauiol (l5m l) was added dropwise 
to  a hot ( 70°) e th a n o l ic  so lu t io n  of (127) co n ta in in g  sodium a c e ta te  
(l23m g). The so lv en t  was decanted from the  gum which formed and 
the  l a t t e r  was washed w ith  e th an o l (5m l), bu t again  the  product 
was complex.
w i th__d^chloro-d i£yano-£-benz oquinone__( DDQ) .
S o lu t io n s  of ( 127) (l60mg) and DDQ (1 mole e q u iv .)  in  benzene 
were mixed and s t i r r e d  20 min a t  RT. A green  s o l id  was f i l t e r e d  
o f f  and d is so lv e d  in the  minimum of acetone and t r e a te d  w ith  aqueous 
KI s o lu t io n .  This caused the p r e c ip i t a t i o n  o f  a yellow-brown s o l id  
(270mg). Attempts to  c r y s t a l l i z e  t h i s  m a te r ia l  f a i l e d ,  bu t in f r a - r e d  
a n a ly s is  showed i t  to  be devoid of cyano groups.
3-Acety 1 -4 -c y a n o - l , 4 -d ih .y d ro - l- (4 -n itro b en z .y l)p y r id in e  ( 129) »
This was prepared by the  a p p l ic a t io n  of the  c o n d it io n s  used in 
the  s y n th e s is  of (127)* The product was an u n s tab le  yellow s o l i d .
m.p. 110- 30° (dec.) 2230 , 1680, 1640, 1580, 1520, 1340 cm” ^.
S ( d^DMSO) 8 .65  (2H d , J = 9 Hz, 3 ’-H, 5 '-H ) ,  8 .24 (IH s ,  2-H),
7*96 (2H d , J  = 9 Hz, 2 '-H , 6 '-H ) ,  6 .70 (IH d , J  = 8 Hz, 6 -  H),
5*25 (IH 2 X d, J  = 8 Hz, J  = 5 Hz 5 -  H), 5*02 (2H s ,  CH^Ar),
4 .72  (IK d , J  = 5 Hz, 4 -  H), 2.32  (3H s ,  COCH ) .
150.
R eaction  o f (l29) w ith  h y d ro ch lo r ic  a o id . The d ih y d ropy r id ine  (ll4mg) 
in  chloroform (7cc) was t r e a te d  w ith  2N aqueous hyd ro ch lo ric  aoid 
(lOcc) and the  re a c t io n  m ixture  heated  a t  55-60° f o r  Ih .  The 
aqueous phase was sepa ra ted  n e u t r a l iz e d  w ith  sodium carbonate  and 
e x tra c te d  w ith  chloroform to  y ie ld  a gum which c r y s t a l l i z e d  from 
e th an o l to  g ive  (130) as pale  yellow prism s, m.p. 179- 80° ( 9 0 . 6mg), 
in/e 319, 275(B), 3300, 1660 , 1620, 1570, 1510, 1345 and 1060cm~^.
i  (d^ -  DMSO) (F ig .  21) 8 .22  (2H d, J  = 8 Hz, 3 '-H , 5 ' - g ) ,  7*85
(IH 8, 2-H), 7.58  (2H d, J  = 8 Hz, 2 ’-H, 6 '-H ) ,  7*5 (IH b s ,  OH),
7 .36  (2H bd, J  ="14 Hz, CONH^), 4 .76 (2H s , Œ ^A r), 4 .52  (IH d,
J  = lOHz, CHOH), 3.65  (IH 2 X d, J  = 6 Hz, J  = 2 Hz, 4 -  H), 2 .20  and 
1.82 (2H m, 5-H2 ) ,  2 .12 (3H s ,  COCH.). [Found; C, 56.3; H, 5 .4 ;
N, 13.0  C^^H^yNjO^ r e q u i r e s :  C, 56.4; H, 5*4; N , / 1 3 .2 2 .1
/  ■
Reaction between 3 -a c e ty lp y r id in e  and hydroxylamine-O-sulphonic acid
3 -A ce ty lp y rid in e  ( l .9 4 g )  in  w ater (4cc) was added to  a s o lu t io n  of 
hydroxylamine-O-sulphonic ac id  (3 .62g) and potassium hydroxide ( l .7 9 g )  
in w ater (6 .4 c c )  m aintained below 0 ° . A f te r  the a d d i t io n  the  
tem perature  was r a is e d  to  70° f o r  4h, the  so lu t io n  then cooled and 
b a s i f i e d  w ith  sodium carbonate  (2 .2g) in w a te r  (3 .3 c c ) .  A f te r  J-h. 
the  r e a c t io n  m ixture was cooled in  ice  , a c id i f i e d  w ith  conc. 
hy d ro ch lo ric  a c id ,  f i l t e r e d  and the f i l t r a t e  evapora ted . The 
re s id u e  was t r e a t e d  w ith  methanol and f i l t e r e d  aga in . On c o n ce n tra t io n ,  
the  methanol f i l t r a t e  y ie ld e d  a c r y s t a l l i n e  s o l id .  Without 
p u r i f i c a t i o n ,  t h i s  was re a c te d  w ith  a c e t i c  anhydride ( l6 c c )  during  
5 h . ,  excess reagen t was then  removed under reduced p ressu re  to  
a f fo rd  a brown o i l  which was chromatographed on n e u t r a l  alumina
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(lOOg) using 22 methanol in  d ich io rom ethane . F i f t y  30cc f r a c t i o n s  
were c o l le c te d :  TLC in d ic a ted  t h a t  f r a c t i o n s  3-34 were id e n t i c a l
and on combination and evapora tion  these  y ie ld e d  a so l id  which 
c r y s t a l l i z e d  from d i - i s o p ro p y l  e t h e r / 60- 8o° p e t r o l  as pale  yellow 
prisms (0 .99g) m.p. 116-7°. This m a te r ia l  proved to  be id e n t i c a l  
w ith  the  ozirae of 3- a c e ty lp y r id in e  ( l i t . , ^ ^ ^  m.p. 113° ) .
The remaining f r a c t i o n s  were combined and evaporated to  y ie ld  
( 136) as a c o lo u r le s s  s o l id  ( 30mg) m.p. 188- 90° (ace tone) m/e 193 
^  max 3400- 2500 , 1560, 1030cm"’ . ,  S(dg-DHSO), 8 . 9O (IH d, J = 2 Hz,
2 -  H), 8 .70  (IH m, 6-H ), 8.38  (IH m, 4-H), 7*9 (IH m, 5-H).
2 .20  (3H s, CH CO), 1.85  (3H s , CH C). (Found: C, 56 .0 ; H, 6 .1 ;
K, 22 . 05 . CLH^^HjOg r e q u i r e s  C, 55-95; H, 5-7; N, 21.75# ).
3 -A cet.y le thy leneace ta l- l-am inopyrid in ium  m e s i ty len esu lp h o n a te .
3 -A cety le thy lene  a c e ta l  p y rid ine  ( 1 5 .6g) in dichlororaethane (42 oc) 
owas cooled to  0 and a s o lu t io n  of 0-m e s i ty le n e  sulphonyl hydroxylamine 
(2 0 .4g) in d ichlorom ethane (40cc) added. A f te r  s t i r r i n g  a t  room 
tem perature  f o r  30 m in .,  the  s o lu t io n  was d i lu te d  w ith  800cc of 
d ie th y l  e th e r  and again cooled to  0° . A fte r  a  few m inutes, the  
c r y s t a l l i n e  product was c o l le c te d  ( 33 . 8g 94*o2); m.p. l l 8- 9° ,
"^max 3210, 3130, lloOomT’ S (dg-DuSO) 9-15 (IH s ,  2 -ÿ ) ,
9 .10  (IH d , J  = 8 Hz, 6-H ), 8 .95  (2H bs , M  ) ,  8 .50 (IH d , J  = 9 Hz,
4 - H ) ,  8 .35  (IH q, J  = 8 Hz, J  = 9 Hz, 5 -_H), 7 .03 (2H s ,
benzenoid p ro tons) 4 .3 -3 .8  (4H m, OCH CH^O), 2.50 (6H s , 2 x  CH_)
— c — c  — J
2.49 (3H s, CH ) ,  1.70 (3H s, CH ) .  .
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3-Acet y l e th y lene a c e t a l - l - ( N - a c 9t y l ) p y r i d i n e . The product (33g) from 
the p rev ious r e a c t io n  was d is so lv e d  in  w ater  (lOOcc) and t r e a t e d  
w ith  a c e t i c  anhydride ( 200c c ) ,  p rev io u s ly  cooled to  5° ,  and then  
drop-wise w ith  30^ aqueous sodium hydroxide s o lu t io n  ( l 50c c ) .
The m ixture  was then poured in to  a s o lu t io n  o f  potassium 
carbonate  (lOOg) in w ater  (900cc) and s t i r r e d  w ith  chloroform (lOOcc).
A c o lo u r le s s  p r e c i p i t a t e  which formed was removed and the  aqueous 
phase sep a ra ted  and e x t r a c te d  w ith  chloroform  (lOOcc). The 
chloroform la y e r s  were combined, d r ied  and evaporated to  g ive  
( 136 , X =» OCHgCHgO) as ah amber coloured o i l  which slowly 
c r y s t a l l i z e d  as  a hydroscopic so l id  ( l 9 *3g 98^)* m/e 222, 207 ( s ) ,  
1570om^(CDCl ) 9 .0  (2H m, 2-H, 6-H), 8 ,35  (IH d , £  = 8 Hz,
4-H), 7.95  (IH q ,  J  = 8 Hz, J  = 7Hz, 5 -  H), 4 .4 0 -3 /9 0  (4H m, OŒgÇHgO),
2 .13  (3H s ,  COCH ) ,  1.72  (3H s ,  CH^). /
)
3 -A ce ty le th y len e a ce ty l- l - (K -m e th y l  acetam ido)pyridinium  iod ide  (138)
The p y rid in e  ( I 36 , X = OCH^CH^O) ( l5 * lg )  was reac ted  w ith  methyl 
iod ide  ( l5 0 cc )  a t  r e f lu x  during  45min. Removal of excess reagen t 
a ffo rded  a yellow so l id  ( 98^ Y ie ld) m.p. 176- 7° (EtOH).
'3 -A cety le thy le n e a c e ta l -4 -c y a n o p y r id ine ( I 40 ) .  The s a l t  ( I 38) (24g)
in w ater ( 56ml) was warmed to  20- 22° and t r e a te d  w ith  ammonium ch lo rid e  
(7*0g) and potassium cyanide (5*6g) in  w ater  ( 10m l) . A f te r  I h . ,  the  
mixture was e x tra c te d  w ith  chloroform to  y ie ld  an o i l  which when 
chromatographed upon b a s ic  alumina ( 400g) e lu t in g  with e th e r  gave 
( 140) as  a c o lo u r le s s  s o l id  which r e c r y s t a l l i z e d  from e th y l  a c e ta te  
in  the  form of n e ed le s .  Y ield 1 0 .2g ( 81 . 5^) m.p. 68- 9° _m/e 190,
175 (B ), ^  2220 (C = N) and 1035 (C -  0)cm~^. $ (d^ -  DMSO)
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1.70 (3H s ,  ÇH^C), 3.9  (4H m, CH^CH^), 7 .8  (IH d, J  = 5 Hz, 5 -  H),
8 .7  (IH d, £  = 5 Hz, 6 -  £ ) ,  8 .8  (IH s , 2-H ), { Found; C, 63.2;
H, 5 .3 ; N, 14 . 7 ; C^qH^^N202 C, 63 .15; H, 5 .3 ;  N, 14 . 7^ ) .
4-Acet.yl-3-acet.yleth.ylene a c e ta l  pyrid ine  ( 105) .
The n i t r i l e  (140) ( l .O g )  in e th e r  (30cc) was added slow ly to  a 
s o lu t io n  of methyl l i th iu m  (1 .2  mol. eq .)  in e th e r  a t  - 10- 15° under 
an atmosphere of n i t ro g e n .  S t i r r i n g  was m ain tained  f o r  a f u r t h e r  
period  o f 30min. and then  ic e -w a te r  (40cc) was in troduced  followed 
by ammonium c h lo r id e  ( l .O g) in w a ter  ( lO cc ) .
The e th e r  la y e r  was removed, d r ied  and evaporated  to  g ive  a small 
amount of s t a r t i n g  m a te r i a l .  E x trac t io n  of the  aqueous phase w ith  
chloroform gave an o i l  which slowly c r y s t a l l i s e d  to  c o lo u r le s s  prisms 
of the  imine ( 14I ) ;  m.p. 85- 6° ( e t h e r ) ,  0 .97g (89*5^^). I 64O,
1590 cm“ ^, S(CDCl^) 1 .8 (3H s ,  CH^C), 2 .40  (3H s, CH^  C=N), 3 .7 -
4 .1  (4H m, OCHgCHgO), 7.01 (IH d, J  = 5.5  Hz, 5 -  H), 8 .55  (iH , d,
jJ = 5.5  Hz, 6 -  H), 8.82  (IH s ,  2-H), (Found: C, 64.0 ; H, 6 .7 ; "
N, 13 . 3 . ^11^ 14^ 2*^ 2 r e q u i r e s  C, 64 . 1 ; H, 6 .8 ; N, 13.6^ ) .
Treatment of the imine (5*7g) w ith 20ÿ aqueous a c e t i c  ac id  
( l 60cc) on the  steara-bath  f o r  30min. followed by b a s i f i c a t i o n  (K^CO^) 
and e x t r a c t io n  w ith  chloroform a ffo rded  the  4-s .cety l d e r iv a t iv e  ( I 05) 
a s  c o lo u r le s s  prisms 5.3g (94.5^)> m.p. 49- 50° (from 60- 80° b .p .  
p e t r o l ) .  ra/e_ 207 (v .w eak), 206 and I 9I (B ase),  298O, 289O, 1705,
1030 cm"’  263( 2 , 490) nm. S(CDC1 ) (F ig .  30) 1 .8  (3H s ,  CH^C),
2 .5  (3H s ,  CH CO) 3.8 (4H m, OCH^CHgO), 7 .0  (IH d, J  = 5 Hz ^ H ) ,
8.55 (IH d , J  = 5 Hz, 6-H), 8 .75 (IH s ,  2-H ) ,  (Found: C, 63.7;
H, 6 .4 ;  H, 6 .7 ;  r e q u i r e s :  C, 63.75; H, 6 .3 ;  K, 6 .8 # ) .
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3 ,4 -D la c e ty lp y r id ln e  (142)
H ydro lys is  of the  a c e t a l  ( I 05) w ith 20;  ^ aqueous h y d ro c h lo r ic  acid
a t  100° f o r  30 min, gave 3 ,4 - d ia c e ty l  p y r id in e  as  a c o lo u r le s s  s o l id ,
m .p. 42- 4° ( 40- 60° p e t r o l )  (Y ie ld  96#) X ^ax 227(5 ,740), 275 (2 ,420)nn|
9  1710 (b ro ad ) ,  1590om“ ’ . S(CDCl^) 2 .50 (3H e , CH.C0),2.64 (3H s ,max J J
CH^CO), 7.32  (IH d , J=6 Hz, 5-H), 8.85  (IH d , J=6 Hz, 6 -£ ) ,  9 .05 (iH s
2-H). ( Found: C, 66.0; H, 5*7; N, 8 , 9 . C^ H^ NO re q u i r e s :  C, 66 .2 ;
H, 5 . 6 ; N, 8 .6 # .)
R eaction between 3 ,4 -D ia c e ty lp y r id in e  and e t h a n - l , 2 - d i o l . 3 , 4 -D ia c e ty l -  
py rid ine  ( l . 6 g )  in  dry  benzene ( 50cc) co n ta in in g  ^ - to lu e n e  su lphon ic  
ac id  ( 1.15  molar excess)  and e th a n - l ,2 - d i o l  (5oc) was heated in  a Dean- 
S ta rk  ap p ara tu s  fo r  12h. Removal of the  so lv en t  gave a red o i l  which
was chromatographed upon b a s ic  alumina (50g ) , e lu t in g  w ith  e t h e r .  T h ir ty
/
/
5OCC f r a c t i o n s  were c o l l e c te d .  F ra c t io n s  1-7 y ie ld ed  a w hite  c r y s t a l l i n e
s o l id  ( 64 . mg) m.p. 141-2 ( 60-80° p e t ro l )  to  which s t r u c tu r e  (145) i s
)
a l lo c a te d ,  m/e 207, 147 (®) ^ , 3^ 260 ( l , 7 5 0 ) ,  265sh(l,520)nm. S(CDCl^)
I .8 0  (3H s ,  CH^C), 1.83  (3H s CH^C), 3 .3  and 3.85  (2 x 2 H m, OCH^CH^O),
7.25  (1 H ra, 5-H), 8 .62  (2H m 2-H, 6-H), (Found: C, 63 . 8 ; H, 6 .8 ;
N, 7 . 2 . C^^H^^NO^ r e q u i r e s :  C, 63. 75 ; H, 6 .3 ; N, 6 .8 # ) .
F ra c t io n s  23-30 gave an o i l  (70mg) the  H' nmr of which in d ic a te s  a 
m ixture of the  a c e t a l s  (143) and (105) in  the  p ro p o r t io n s  of about 
3 :1  to  be p re s e n t .
Reaction between 1 ,3 -d ia c e ty l in d o x y l  and 3 ,4 -d ia c e ty lp y r id in e
1 ,3 -D iace ty lin d o x y l ( l , 2 g )  and 3 ,4 -d ia c e ty lp y r id in e  ( 0 . 89g) in 
deoxygenated methanol (lOcc) were t r e a te d  w ith a so lu t io n  o f  potassium 
hydroxide (3»5g) in deoxygenated w ater (lOcc) and the r e a c t io n  mixture 
p ro tec ted  by an atmosphere of n i t r o g e n .  A f te r  3 days a t  room tem perature  
the  so lu t io n  was poured onto ice  and 10# aqueous a c e t ic  a c id ;  i t  was 
then b a s i f i e d  w ith  sodium carbonate , e x t ra c te d  w ith  chloroform and the 
e x t r a c t s  evaporated  to  y ie ld  a deep red coloured o i l .  This was
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chromatographed on alumina e lu t in g  w ith  benzene-chloroform  m ix tu res  and 
the  major f r a c t io n  (650mg) was evaporated and the  re s id u e  t r i t u r a t e d  with 
e thano l to  g ive  ( I 46) as  red p rism s. This product does not have a d e f in i t e  
m .p . ,  but beg ins  to  darken a t  290°. m/e 260 (B), 2 4 5 ^ ( £  ) 229 
(8 , 230) ,  240(8 ,110), 290(8 , 790) ,  336( 6 , 760 ) ,  356sh (4 ,5 1 0 ) ,  542(6 ,310), 
612 (3 ,6lO)nm. I 69O, I 63O, I 6IO, l600om” ’ S(CP COgH) (F ig .  22 ),
9.2 (IH a, J=7 Hz) 8 . 6- 8 .45  (m 2H), 8 . 0 - 7 . 6 (m 4H), 7 .4 -7 .1  (m 3H),
246 ( s  3H), (Found; C, 78 .4 ; H, 4*6; N, 10 .8 ; r e q u i re s ;
C, 78.4; H, 4 .65 ; N, 10 .8# . )
3- [ l -  ( 2-Tetrah.ydrop.yran.ylox.y)ethy]]p.yridine ( l 5 l ) .  The hydroch lo ride  s a l t  
of 3 -( l-& ydroxy)e thy l py rid ine  (32 .4g) was re a c te d  w ith  2 ,3 -d ihydropyran  i 
(3  m o l.eq .)  in  dimethylformamide (200cc) and dry hydrogen c h lo r id e  was 
then  bubbled through the s o lu t io n  f o r  lOmin. The re a c t io n  m ixture  then 
was s e t  a s id e  f o r  5 days. A f te r  removal of the  s o l v i t  under reduced 
p ressu re  the  re s id u e  was t r e a t e d  w ith  a m ixture  of e th e r  and 10# aqueous 
sodium carbonate  s o lu t io n .  The organic  l a y e r  was then s e p a ra te d ,  washed 
w ith  w ater ,  d r ie d  and evaporated  to  give the  req u ired  e th e r  a s  a c o lo u r le s s  
o i l ,  37 .8g (9 0 .0 # ) ,  b .p .  100-2°/0.65mm.
This product was converted , by a s im i la r  s e r i e s  of s te p s  to  those 
d esc r ibed  p rev io u s ly  f o r  (IO3) ,  in to  4 -a c e ty l -3 [ l - (2 - te t r a h y d ro p y ra n y lo x y )  
e th y l ]p y r id in e  (149) which was obtained as  a c o lo u r le s s  o i l ,  a f t e r  
chromatography upon alumina and e lu t io n  w ith  e th e r .  Yield from 3 - ( l -  
h y d ro xy )e thy lpy r id ine  ( 65# ) .  m/e 249,9^3% ^700, I 58O, 1255cm &(CDC1^)
(F ig .  31) 9.04  (IH 2 X s ,  2-H), 8 .75 (IH m, 6-H), 7 .4  (IH m, 5-H), 5 .3  
(IH m, CHCHJ, 3 . 96- 3.31  (3H m, -CH-0, -CH.O), 2.63  (3H s ,  CH^CO), 1 .8 -1 .3
—  o  —  — —  J
(9H m CHgCHgCHg, CHCH )^ (Found: C, 67.3; H, 7 .5 ;  N, 5 .8  C^^H^^NO^
re q u i r e s  C, 67 . 4 ; H, 7 .7 ;  N, 5 . 6# . )
Pyrido [3 , 40] -2H,5H-2-h.ydroxy-2,5-dimethyl fu ran  (152).
The 4 -a c e ty lp y r id in e  (149) (1 .4 g ) ,  in  d i l u t e  h y d ro ch lo r ic  acid  (20cc) 
was warmed on the  steam b a th  f o r  lOmin. The s o lu t io n  was then  b a s i f i e d
156.
w ith  sodium carbonate  and e x tra c te d  w ith  chloroform ; removal of the  
so lv en t  gave (152) as  an almost c o lo u r le s s  o i l .  ( l .O g ) .  T h is  was 
p u r i f ie d  by rep ea ted  chromatography upon alumina, e lu t in g  w ith  e th e r ,  
m/e 165 150 (B ), ( l i q u id  f i lm )  3300 , l 605cm” ^. S(CDCl^) 8.44
(IH two overlapp ing  d o u b le ts ,  2-H), 8.34  (IH m, 6-H ), 7 .3  (IH ra, 5-H),
5.36  (IH two overlapp ing  q u a r t e t s  CHCH^ ) I . 78 , I .78 (3H two s i n g l e t s ,  
CH^C), 1 .50  (3H two overlapp ing  d, CH^CH), 4.92  (IH bs OH), 255sh
( 1 , 130) ,  250 ( 1 , 320) ,  266sh(l',130)nra. (Found; C, 65 .0 ; H, 6 .3 ;
N, 8 .2 .  CgH^^NOg re q u i r e s  C, 65 . 4 ; H, 6 . 7 ; N, 8 . 5# )
(E )-  and (Z )-2 - j [ l -  (3- [l-(2-Tetrahydrop.yran,yloxy)eth.yl3-4-pyrid.yl) e th y l -  
ldeneilindo lin -3 -ône  (153 and 154, R=H) 1 ,3 -D iace ty lin d o x y l (750mg) and 
( 149) (860mg) in deoxygenated methanol (6 .5 c c )  were t r e a te d  w ith  potassium 
hydroxide (2 .5 g )  in deoxygenated w ater (6 .5 cc )  and the r e a c t io n  mixture 
s to red  f o r  fo u r  days under a p ro te c t iv e  atmosphere of n i t r o g e n .  The s o l id  
product was c o l le c te d  by f i l t r a t i o n  under n i t ro g e n  to  y ie ld  the  mixed 
isomers (0 .9 3 g , 7 4 .5 ^ ) .  m/e 3^4, 28o, 247 (B ) ,X ^ q ^  ( s )  239(21,210), 
264( 32 , 270) ,  296sh(14 , 440) ,  463( 7 , 447)nm. T h is  m a te r ia l  was no t p u r if ie d  
f u r th e r .
2 - (p y r id y l  [3 ,4b] -3H, 5 H -2 ,5 -d im e th y lfu ra n -2 -y l) in d o le ( I 56)
The mixed in d o lin o n es  (153 R=H) and i t s  (z ) - i so m e r  ( 300mg) in  20# aqueous 
e thano l (20cc) were t r e a te d  w ith sodium borohydride ( 300ml) and, a f t e r  
the  a d d i t io n ,  the  orange coloured re a c t io n  m ixture was warmed on the 
w ater  ba th  f o r  3Grain. The so lv en t  was then removed to  a f fo rd  a gum which 
was d is so lv ed  in methanol and s a tu ra te d  w ith  hydrogen c h lo r id e .  Removal 
of the  s o lv e n t ,  b a s i f i c a t i o n  of the  re s id u e  w ith  aqueous sodium carbonate 
and chloroform e x t r a c t io n  gave a s t ic k y  s o l id ;  t h i s  was chromatographed 
on alumina, e lu t in g  w ith  1:1 60- 80° p e t r o l : e t h e r  to  y ie ld  ( 156) as a 
cream coloured s o l id ,  m.p. 176°(benzene). m/e 264 , 2 4 9 (b ) , Xg^ a^ g ((^) 
220( 21 , 600) ,  268( 5 , 800) ,  284(4 ,970) , 293( 4 , 200)nm. 1595oai“ ’ .
S(CDC1 ) ( F i g  32) 1.62(3% d , J=6 Hz, CH^CH), 1,95(3H s , CH^C), 5-4(1% q, 
J= 6 H z ,  CH,CH), 6.20(1H d, J=2Hz, 3-H), 6.95-7.60(5% m, 4-H,5-H,6-H,7-H,
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5 '-H ) ,  8 .35  (IH s ,  2 ’ -  H), 8 .45  (IH d, J  = 6 Hz, 6* -  H),
[Pound: C, 77*4; H, 5*9» N, 10.3 C^-^H^^N^O re q u i r e s :
C, 77.25; H, 6 .1 ;  N, 1 0 .6 # ] .
2 -{ l-r3 -(l-H .yd rox .ye thy l)-4 -py r  id y l l  etiqyll indo le  ( 155). The m ixture 
of ind o lin o n es  (153, R » H ) and I t s  (Z )-isom er (300mg) in 20# aqueous 
e th an o l (20oc) was heated a t  r e f lu x  under a n i t ro g e n  atmosphere and 
t r e a te d  w ith  sodium borohydride (500mg) in  small p o r t io n s .  A f te r  
I h . ,  the  so lv en t  was removed and the  re s id u e  p a r t i t io n e d  between 
chloroform and w a te r .
The o rgan ic  phase was d r ie d ,  charcoaled  and evaporated y ie ld in g  
a grean gum. This was d is so lv e d  in methanol and s a tu ra te d  w ith  
hydrogen c h lo r id e  f o r  13 min. Removal of the  so lv en t  and p a r t i t i o n i n g  
the  re s id u e  between sodium carbonate  s o lu t io n  and chloroform fu rn ished  
( 155) as an almost c o lo u r le s s  s o l id ,  217 mg ( 72 . 2# ) ,  m .p ,j208-10°
(e th a n o l)  m/e 266, 233(b) , (&) 221 ( 50 , 210) ,  265sh ( 12 , 290) ,
270 ( 12 , 640) ,  284 ( 11 , 410) ,  293 ( 9 , 830) nm. 9 ^ ^  3330 , 3100, I 600 cm".’  
5i(dg -  DMSO) 8 .52  (IH s ,  2 '-H ) ,  8 .24 (IH d , J  = 5Hz, 6 ' -H ) ,
7 .4  -  6 .8  (5H m, 4 -  H, 5 -  H, 6 -  H, 7 -  H, 5' -  H), 6.12 (IH b s ,
3 - H ) ,  5 .3  (IH b s ,  OH), 5.15  (IH m, CH,CHO-), 4 .62 (IH q ,— — J
J  = 6 Hz, CH^CH) 1.62  (3H d, J = 8 Hz, CH^CHO-), I .38 (3H d,
J  = 6 Hz, CH^CH) [Found: C, 76 . 6; H, 6 .8 ;  N, 10 .3 . 
r e q u i r e s :  C, 76 .7 ; H, 6 .8 ;  N, 1 0 .5 # ] .
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E l l i p t i c i n e
Treatment of the  indo le  (155) w ith  boron t r i f l u o r i d e  in  e th e r  
a t  r e f lu x  in the  course o f  Ih  gave a yellow gum which contained  
t r a c e s  of e l l i p t i c i n e .  R e p e t i t io n  of tjhis r e a c t io n ,  but f o r  longer 
p e r io d s ,  gave complex m ix tu res ;  whereas a t  room tem peratu re  only 
s t a r t i n g  m a te r ia l  was o b ta in e d .
With phosphorus oxychloride  in  pyrid ine  a t  room tem perature  
( 155) gave 5 ,1 1 - d ih y d r o e l l ip t io in e  which on s tan d in g , p a r t i c u l a r l y  
in  the  presence of aqueous acid  or during  chromatography on s i l i c a ,  
g ra d u a l ly  ox id ized  to  e l l i p t i c i n e .  The t o t a l  y ie ld  of the  l a t t e r  
p roduct, however, was poor, I 5 -  20#, and we were unable to  o b ta in  
s a t i s f a c t o r y  a n a ly t i c a l  d a ta  f o r  the  dihydrocompound.
When the  indo le  (155) (30mg) in  dichlorom ethane (2cc) was s t i r r e d
w ith  a c t iv e  manganese d iox ide  (300mg) f o r  12h a yellow s o lu t io n  was
)
o b ta in ed .  F i l t r a t i o n  and evapora tion  of the  so lven t gave mainly 
s t a r t i n g  m a te r ia l  but e x t r a c t i o n  of the  manganese d iox ide  w ith  hot - 
e thano l a ffo rd ed  a small q u a n t i ty  (3mg) of e l l i p t i c i n e .
The indo le  (155) (207mg) in dry dimethyl sulphoxide ( l .7 5 c c )  
was t r e a t e d  w ith  a c e t i c  anhydride ( l . l c c )  and the  so lu t io n  s t i r r e d  
a t  room tem perature  f o r  2 days. A f te r  t h i s  time the r e a c t io n  mixture 
was poured in to  w ater ( 50cc) and t r e a te d  w ith  excess  potassium 
carbonate . A yellow s o l id  g ra d u a l ly  formed and t h i s  was c o l l e c te d ,  
d r ie d  and washed w ith  hot benzene to  y ie ld  e l l i p t i c i n e  (I30mg).
* Evaporation  of the  washings gave a small q u a n t i ty  of a brown gum 
which from mass s p e c t r a l  a n a ly s i s  (m/e 308) probably con tained  the 
0 -a c e ta te  d e r iv a t iv e  ( 158) .
159'
m.p. and mixed m.p. 309-312° 309-313) [Founds C, 8 3 .0 ;
H, 5 . 6 ; N, 1 1 .2 .  C alc, f o r  C, 82 .9 ;  H, 5 .7 ;  N, 11 .4#].
S p i r o - 2 - ( 3 , 6-Dimeth.yl-3H,6H-p.yrid0 [4 ,3c]dih .ydrop.yran)-2-indolin-3-one (157)
The indo le  (155# R = NHAc) (50mg) in  g l a c i a l  a c e t i c  ac id  ( i c c )
co n ta in in g  potassium dichrornate (40mg) and w ater ( 0 . 5cc)iw as heated
a t  100° f o r  Ih .  and then poured onto 2N sodium carbonate  s o lu t io n  to
y ie ld  a gum. This  was e x t ra c te d  in to  chloroform  washed w ith  w a ter ,
d r ie d  and the  so lv en t  removed to  y ie ld  a product which c r y s t a l l i z e d
on t r i t u r a t i o n  w ith  acetone as  pale yellow n e e d le s .  Y ield 5mg
m.p. 244-6 ( a c e to n e ) ,  m/a 200 , 252( b ) ,  9  1710cm ^ X (c )^  in&x
236 ( 18 , 500) ,  262 ( 5 , 650) ,  410 (2,330)nm. $ (d6-DMS0) (F ig .  23)
0 .98  (3H d, J  = 3 .5  Hz CH^CH-), 1.55 (3H d, J  ■= 3.7 Hz, CH^CHO-)
3 .4  (IH q , J  * 3 . 5Hz, CH^CH-), 5 .1  (IK q, J  = 3.7  Hz, CH^CHO-),
6 .6  -  7 .2  (5H m, C^*-H and benzenoid p ro to n s ,)  7*8 (IH s NH),
6 .5  (2H b s ,  C_'-H, C .’-H) [Founds C, 72 .6 ; H, 5*9; N, 9*8J — V -
^17^ 16^ 2*^ 2 fGquifGs: 0, 72 .8 ; H, 5-75; N, 1 0 .0 # ] .
(E )-  and (z )-5 -A ce tam ido-2 -H  1 - ^ 3 - [l- (2~ te trahydropyranylox .y) e th y l ] - 4 -  
p y r id y l]e th y l id en e ] j in d o l in -3 -o n e  (153, R = NHAc) and isomer.
5-Acetamido- 1 ,3 -d ia c e ty l in d o x y l  was rea c te d  w ith  the  a c e ty l  
py rid ine  (149) ifi the  same manner as  p rev io u s ly  d e sc r ib ed , however, 
in  t h i s  case th e  re a c t io n  m ixture was s to red  a t  15-16° f o r  seven 
days p r io r  to  work up. The product was showh to  be a m ixture  of 
the  re q u ired  isom ers, p lu s  some u n ace ty la ted  m a te r ia l s .  Consequently 
i t  was d is so lv e d  in  e thano l and t r e a te d  w ith  excess  a c e t i c  anhydride .
A f te r  shaking a t  room tem perature  f o r  10 m in .,  the  excess reag en t
160.
was decomposed w ith  ic e -w a te r  and the r e a c t io n  mixture b a s i f i e d
w ith  potassium carb o n a te .  Chloroform e x t r a c t i o n  gave (153, R = NHAc)
and i t s  isomer as  a red s o l id  ( 80 .O#) M**" 421. ^  (& ) 266 (14 ,0 0 0 ) ,
max
486 ( 4 , 600) nm.
5-Acetamid0 - 2 - { l-  F3-( l-h.ydrox.yethyl)-4-p.yrid.yl ]e th y l]  indo le  (155, R = NHAc)
This p roduct, small c o lo u r le s s  prisms from aq . e th an o l ,  m.p. 244-5°
was obta ined  from ( l5 3 ,  R = NHAc) and i t s  (Z )-isom er in  the  same
way as d e sc r ib ed  f o r  (155, R = H). Y ield 75#. m/e 323, 290 (B ),
(e )  242 (2 2 ,2 0 0 ) ,  300 ( 4 ,0 0 ) ,  311sh ( 2 , 600) nm. >> 3380max max
(broad) I 66O (b ro ad ) ,  I 60O cm" . ^(d^DMSO (P ig .  33) 8.64  (IH bs ,
2 '-H ) ,  8 .35  (IH m, 6»-H), 7.75 (IH s ,  4-H), 7 .2  (3H m, 6-H, 7-H,
5 '-H ) ,  6.1 (IH b s ,  3-H), 5.33  (IH m, OH), 5 .2 (IH m, CH^CHO),
4 .6  (IH 2 X q, CH CH), 1 .6  (3H d, J  = 6 Hz CH CHO)/"^ 1 .4  (3H 2 x d,
/CH^CH) [Pounds C, 70.8; H, 6 .5 ;  N, 12.6; C^^H^^N^O^ re q u ire s s
C, 70 . 6; H, 6 .6 ;  N, I 3 .O#].
9 -A c e tam id o e l l ip t ic in e  (159) When the  indo le  (155, R = NHAc) was
t r e a te d  w ith  dim ethyl sulphoxide and a c e t i c  anhydride as  p rev io u s ly  
d esc ribed  9 -a -o e ta m id o e l l ip t ic in e ,  m.p. 245-50° (dec) (yellow n eed le s  
from e th an o l)  was obtained in  65 . 2# y i e ld .  m/e 303(B), 2 6 1 , (^)
225 ( 6 , 4600), 257 ( 10, 200) ,  268sh ( 10 , 920) ,  277 ( 13, 040) ,
298 ( 18 , 620) ,  308 sh ( 12 , 040) ,  339 ( 2 , 480) ,  354 ( 1 , 990)
412 ( 1 , 650) nm. 9  1660, 1600 cra"^. %(CF.CO_H)max 3 ^
9 .75  (bE 2H, 1-H, 3-H), 8 . 65- 8 .2  (m 3H, 7-H, 8-H, 10-H), 7 .75  
( s  IH, 4-H), 3.40 (e  3H, ll-C H ^), 2 .95 ( s  3H, 5-CH3 ) ,  2 .68 
( s  3H, NHCOCH )^ [Found: C, 75.0; H , 5 .6 ; N, 13.9 C^^H^^HjO 
re q u i r e s :  0, 75 .2 ; H, 5 .65 ; H, 13.85# ].




The C e las traceae  c o n s i s t s  of approxim ately  60 genera  comprising 
850 sp ec ie s  which occur widespread both  as  wild and c u l t iv a te d  
shrubs and t r e e s .  Unlike the  Apocynaceae few of the  s p ec ie s  a re  
a lk a lo id  producers b u t ,  from the  few genera  which have been s tu d ie d  
they are  g e n e r a l ly  abundant in  te rp e n o id s ,  f la v a n o id s  and r e l a t e d  
compounds.
However, from the genera; Euonymus^^^, T r ip te rg ium ^^^ and 
Maytenus^^ some novel m aorolide compounds (see  f i g .  34 ) have been 
i s o la te d  and i n t e r e s t i n g l y  the  re c e n t ly  i s o la te d  a lk a lo id  maytansina 
( 5 ) from Maytenus sp ec ie s ,  has been shown to  be the  most a c t iv e  a n t i
cancer agent known to  d a te 15^






W ilford ine  R 
Alatamine R
Ac, X = 0 , Tg ? Ac, R  ^ = H, R^ = Me
H, X ? 0, Rg ? Ac, R  ^ H, R^ = Me
= Ao, X Rg = Ao, R = H, R^ = Me
= H, X Rg = Ac, R, = H, R  ^ = Me
= Ac, X Rg = COPh, R, = OH, R = Me





MaytaEsine (5) occurs  in minute c o n ce n tra t io n s  (approx im ate ly  
0 .2  p .p .m .)  in  the  p la n t ,  bu t the  o th e r  components (see  f i g .  34 )
a re  much more abundant. Thus a ttem pting  to  e s t a b l i s h  a b e t t e r  
source of maytansine o r  a s im i la r ly  a c t iv e  n a tu r a l  product we 
undertook a study of a r e l a t e d  sp ec ie s :  Lophopetalum rigidum  R id ley .
D iscussion  of R esu lts
The f in e ly  d iv ided  bark  of Lophopetalum rigidum was e x t ra c te d  
In succession  w ith  petroleum e th e r  ( 60- 80° )  and methanol.
Contained in th e  former e x t r a c t  were s e v e ra l  known t r i t e r p e n o i d s  
which were sepa ra ted  by chromatography over s i l i c a ;  th e se  a re  
l i s t e d  in f ig u re  35 . In  a d d i t io n  to  th e se  common n a tu r a l  compounds 
we a lso  i s o la t e d  an a l i p h a t i c  e s t e r  o f -h ig h  m olecular weight 
(approx . 920) and a m ixture  of n -a lk an es  (C^^-Cg^).
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F i g . 35
Fried el in
a
Lupeol R = H 
Betulin R = OH
H
^ - S i to s t e r o l
The m ethanolic  e x t r a c t  was condensed In-vacuo to  a deep re d ,  
sweet sm elling  gum which d is so lv e d  r e a d i ly  in w a te r ,  a lcoho l 
and ace tone . Paper chromatography of the  crude m a te r ia l  was 
d is a p p o in t in g  and of the  s e v e ra l  so lven t systems which we employed 
only the  P a r t r id g e  system (o rg an ic  phase of a mixture of n -b u ta n o l-  
a c e t i c  a c id -w a te r ,  4 :1 :5 )  showed any se p a ra t io n  of d e f i n i t e  components, 
the  o th e rs  merely g iv in g  r i s e  to  a continuous s t r e a k  from hase l in e  
to  so lven t f r o n t  on the chromatograms.
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Thus we were not su rp r is e d  to  f ind  t h a t  column chromatography 
over c e l lu lo s e  was ab le  to  e f f e c t  only very s u p e r f i c i a l  s e p a ra t io n  
of the  components. Furthermore an endeavour to  p u r ify  the  crude 
f r a c t i o n s  by means of p re p a ra t iv e  paper chromatography was 
unsu ccess fu l and f i n a l l y  we decided to  abandon our work on t h i s  
e x t r a c t .
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Experim ental to  P a r t  I I I
A sample of the bark  was transform ed into a coarse  powder 
(950g) using  a hammer m i l l  and e x tra c te d  by the  Soxhlet techn ique  
f i r s t  w ith  p e t r o l  (60-80°) (101) -A and then  w ith  methanol (101) -B .
E x t ra c t  A
E vapora tion  of th e  so lv en t  fu rn ish ed  a ye llow -green  gum ( l 6 .5 g ) .  
By chromatographiigthis m a te r ia l  over s i l i c a  ($00g), e lu t in g  w ith  
p e t r o l  ( 6O-80 ) -  chloroform and chloroform-methanol m ix tu res ,  f iv e  
f r a c t i o n s  were ob ta ined :
I  (400ml of IC^ .CHCl^-petrol (60 -80°))
A pale  yellow s o l id  was obta ined  on removal of the  so lv en t  which
c r y s t a l l i z e d  from e th y l  a c e ta te  a s  a c o lo u r le s s  m ic ro c ry s ta l l in e  
s o l id  (4.3mg) m.p. 82-3° (E tA c), Rf (SiO^ -  %  CHCl^-C^H^) 0.79 
(p ink  c o lo u ra t io n  by spray ing  w ith  HgSO  ^ and baking) m/e 920 (WT*'),
max 1730cm ^ ( e s t e r ) .  Mother l iq u o r  on evapora tion  a ffo rd ed  a 
brown sweet sm elling  o i l ,  G.L.C. -  MS. a n a ly s i s  of which shows the 
presence of the  n -a lk an es  C^^-CgQ (confirmed by d i r e c t  comparison 
w ith  a s y n th e t ic  m ix tu re ) .
1 ^  ( 1900ml o f 30^  CHCl^-petrol (60 -80°))
The so lv en t  f r e e  f r a c t i o n  was an o ïf -w h i te  s o l id  which when 
c r y s t a l l i z e d  from e th y l  a c e ta te  affo rded  f r i e d e l i n  ( l . 3g) as  
c o lo u r le s s  n e e d le s ,  m.p.,m.mp. 256- 7° ( l i t ^ ^ ^  261- 64°) -  20.6
(CHCl^), R f(S i02 5^ CHCl^ -  C^H^) 0.21 ( v i s u a l l i z e d  by baking w ith  
HgSO^) m/e 426 (M+) (Pound: C 84 . 3; H, 11 .7 . Calc, f o r
0, 84 . 4 ; H, 11 . 8^ ) .
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I I I  (2400 ml 80^ CHCl^-petrol ( 60- 80° ) )
T r i t u r a t i o n  of the  s o lv e n t - f r e e  re s id u e  w ith  e th e r  a ffo rded  
a f u r th e r  q u a n t i ty  of f r i e d e l i n  ( 310mg) and from the  m o th e r- l iq u o r  
lupeo l ( 4 . 68g) was o b ta ined , m.p. 206-8° (MeOH) ( l i t . ^ ^ ^  213°),
+ 25.2  (CHCl^), RftSiOg, 7:3 benzene-e thy l a c e ta te )
0 .75  (p u rp le  c o lo u ra t io n  on trea tm en t w ith  hot H^SO^), m/e 426 (M^). 
(Found: C, 84 . 3 ; H, 11.7; C alc, f o r  C^qK^^O: C, 84 . 4 ; H, 1 1 .8 ^ ) .  
A ceta te  m.p. 214° from HOAc -  Ac^O ( l i t ^ ^ ^  211-212) (Found: C, 82 .0 ; 
H; 11 .2 . Calc, f o r  C^gHrgOg: C, 82 .0 ; H, 1 1 .2 ^ ) .
IV (1200ml, CHClj)
*
The s o lv e n t - f r e e  re s id u e  was washed w ith  methanol and f i l t e r e d .  
F u r th e r  s e p a ra t io n  of the  s o l id  m a te r ia l  was ach ie v e ^  by washing w ith  
hot methanol g iv in g  f r i e d e l i n  (95mg; t o t a l  y ie ld  0 ,18$) and lupeo l
(315mg)« }
^ P a r t i a l  ev ap o ra tio n  of the  so lv en t  caused c r y s t a l l i z a t i o n  g iv in g  
a f u r th e r  q u a n t i ty  of l u peol (l30mg, t o t a l  y ie ld  0 .5 4 $ ) .  T o ta l  
evaporation  of th e  m o th e r- l iq u o r  followed by c r y s t a l l i z a t i o n  from 
aqueous methanol gave ^3- s i t o s t e r o l  (0 .003$) ra.p.,m.m.p.
135-7° ( l i t . 119 137- 8° ) ,  -  38 . 3° (CHCl^). ( Found: C, 84 .0 ;
H, 12 . 3 . C alc , f o r  Cg^H^^O: C, 84 .0 ; H, 12 .15$).
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V (l600ml 5 -  60$ MeOH -  CHCl^).
Removal of the  so lv en t  and c r y s t a l l i z a t i o n  of the  re s id u e  from 
aqueous methanol gave b e tu l in  (0 . 013$) m .p .,m .m .p . 250- 3° ( l i t . ^ ^ ^  252°) 
+ 20.3  (CHCl ) ,  m/e 442 Rf (SiOg, 7 : 3 CgHg -  EtAc)
0.65  ( v i s u a l l i z e d  by baking w ith  H^SO^). ( Found: C, 81 . 3 ; H, 11.4,
C alc, fo r  C^qH^qO^: C, 81 . 4 ; H, 11 .4 $ ) .  D ia ce ta te  m.p. 210-211°
from HOAc -  ACgO ( l i t .^ ^ ®  220°) (Found: C, 77 .3 ; H, 10 .3 .
C alc, f o r  C^^H ^Oj: C, 77 .5 ; H, 1 0 .3$ ) .
E x t r a c t  B.
The methanol was evaporated  vacuo and the  r e s id u a l  deep 
red  gum ( ^ 3 5 g )  d is so lv e d  in  w ater  (11) and f i l t e r e d .  In s o lu b le s  
( 1 . 2g) c o n s is te d  of t r i t e r p e n o i d s  p rev io u s ly  id e n t i f i e d  and were 
d is c a rd e d .  A f te r  washing w ith  CHCl^ (2 x 200ml) the  aqueous e x t r a c t  
was chromatographed over c e l lu lo s e  powder (Whatmann C Fll,  800g), 
e lu t in g  w ith  e th y l  a c e ta t e ,  i s o - propanel and w ater m ix tu res .  The 
p rog ress  of development was monitored by paper chrom atography  
(descending development) employing the  P a r t r id g e  so lven t system 
(upper phase of 4 :1 :5  nBuOH, HOAc, HgO). Although chromatograms 
lacked d e f i n i t i o n  and co n sid e rab le  's t re a k in g *  was e v id en t ,  i t  was 
p o ss ib le  to  d iv id e  the  e lu e n t s  in to  f iv e  major f r a c t io n s  
B^ ( 30$ i s o  PrOH-EtAc, 225ml), Bg (80-100$ iso-PrOH-EtAc. 2850ml),
B^ ( 5$ HgO-iso-PrOH, 700ml), B  ^ ( ~ 2 0 $  HgO-iso-PrOH, 1000ml) 
and B^ (HgO, 2400 m l) .
Each of th e se  f r a c t i o n s  contained  s e v e ra l  components and overlapped 
sev e re ly  w ith  o th e r  f r a c t i o n s .  However-, an a ttem pt was made to  ob ta in  
pure compounds by p re p a ra t iv e  paper chromatography (V/hatmann 3MM, 
'P a r tr id g e *  so lv en t  system ). Continuous e x t r a c t i o n  of the  bands
168.
produced ( f lu o r e s c in g  v a r io u s  shades of blue under UV l i g h t )  w ith  
methanol fu rn ish e d  s e v e ra l  gummy re s id u es  which could not be 
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